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This talk

s [Votivation

= Semantic web concepts and
technologies

s USsing the semantic web for
(1) Pervasive computing
(3) Information retrieval

= Conclusions
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From Wikipedia, the free encyclopedia
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" He Today's featured article
: The Bank of China (Hon_q Kong) (BOCHK) is the second
ol Nﬁup in Hong Kong in tcrm]J'
Go Search . branches in Hong Kong lt was established on Uctober
2001 from a mwgm of 2 subsidianes and associates of
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;., .
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ounder of the JETCO ATM and pa,mpnt SYSigi, and uie u

as

bank in Hong Kong for transa tions invoing the renminb
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In the news

« Pope John Paul |l (pictured) dies
age of 84, after more than 26
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years as

Cathoiic Church

the head of the Roman

+ The UN-backed Millennium Ecosystem
Assessment releases a landmark study
suggesting that planetary ecosystem
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that the histo_ry of sushi shows that
although sus
e cuisine, it actually

hi is famous for its use in the
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What sources are trustworthy for
what kinds of information?

Can we automatically find,
track and fuse the
information we need?

How can we know the source
and provenance of
information?

How should trust and
reputation be modeled and
shared?



Computers helped make the problem
and they can help solve it

We need agents and services to find,
correlate and fuse information on
the web.

They must be able to understand the
content they discover publish their
own conclusions, and communicate

with one another.

They must advertise their own
information services in a well
understood form.



“XML is Lisp’s bastard nephew, with uglier
syntax and no semantics. Yet XML s poised
to enable the creation ofi a \Web:of data
that dwarls anything since the Library: at
Alexandria.”

-- Philip Wadler, £t tu XML? The fall of
the relational empire, VLDB, Rome,
September 2001.



“The web has made people smarter.
We need to understand how to use it
to make machines smarter, teo."

-- Michael I. Jordan, paraphrased
from a talk at AAAI, July 2002
by Michael Jordan (UC Berkeley)



“The Semantic Web will globalize
KR, just as the WWW: globalize
hypertext”

-- Tim Berners-Lee



This talk

m [Votivation

s Semantic web concepts and
technologies

s Using the semantic web for
(1) Pervasive computing
(3) Information retrieval

= Conclusions
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W3C’s Semantic Web Vision

“The Semantic Web:iis an extension or the. current:
webiin WihIcH Information: /s given well-derined
meaning, better enapling computers and people. to

WOIK 111 COOPEration.  —
Berners-Lee, Hendler &
|lassila, The Semantic Web,
Scientific American, 2001

UMBC Unicode URI



What kind of Ontologies?

from controlled vocabularies to Cyc

Thesauri

“narrower Disjointness,

term”’ Formal Frame.s Inverse,

Catalog/ID  relation is-a  (properties) part of...
DB Schema UMLS | RDF RDFS DAML CYC
Wordnet 010 OWL 1IEEE SUO
Terms/ Informal .Formal Value Gen§ral
glossary is-a Instance  Restriction ~ Logical

constraints



Today and tomorrow

= Simple ontologies like FOAF & DC in use today.
= We've crawled more than 1M FOAF RDF files

= \\We hope to be able to make effective use
ontologies like Cyc in the coming decade
= There are skeptics ...
= [t's a great research topic ...

m [he SW community has a roadmap and some
experimental languages ...

m [ndustry is starting to use the Semantic Web
(Adobe, Oracle, Cisco, Sun ...)

= \We need more experimentation and exploration



RDF is the first SW language

XML Encoding

> o RD LY Sl 45>
Ao

=<
</rdf :RDF>

Good for
Machine
Processing

RDF
Data Model

Triples

stmt(doclnst, rdf _type, Document)
stmt(personinst, rdf type, Person)
stmt(inroomlnst, rdf_type, InRoom)
stmt(personlnst, holding, doclnst)
stmt(inroomlnst, person, personinst)

Good For
Reasoning

Graph

()

g 5 r
v

Good For
Human
Viewing

RDF is a simple
language for building
graph based
representations



Simple RDF Example

http://umbc.edu/
~finin/talks/idm02/

“Intelligent Information Systems
on the Web and in the Aether”

ttp://umbc.edu
“Tim Finin? [nin@umbc.edu”

an'HoenorsiUnivers

ity in'Maryland 1 9



XML encoding for RDF

<rdf:RDF xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:bib="http://daml.umbc.edu/ontologies/bib/">
<description about="http://umbc.edu/~finin/talks/1dm02/">
<dc:title>Intelligent Information Systems on the Web and in the
Aether</dc:Title>
<dc:creator>
<description>
<bib:Name>Tim Finin</bib:Name>
<bib: Email>finin@umbc.edu</bib:Email>
<bib:Aff resource="http://umbc.edu/" />
</description>
</dc:Creator>
</description>
</rdf:RDF>



A usecase: FOAF

“

n FOAFE (Friend of:a Friend)/is a simple ontology: tordescribe people
and their social networks.

s See the foaf project page: http://www.foaf-project.org/

= \We recently crawled the webrand discovered over 1,000,000 valid
RDE EOAE files.

= Most of these are from the http://liveJournal.com/: blogging
system which encodes basic user nfo: in foaf:

s See http://apple.cs.umbc.edu/semdis/wob/foafy.

<foaf:Person>
<foaf:name>Tim Fmin</foaf:name>
<foaf:mbox_ shalsum>2410...37262c252e</foaf:mbox shalsum>
<foaf:homepage rdf:resource="http://umbc.edu/~finin/" />
<foaf:img rdf:resource="http://umbc.edu/~finin/images/passport.gif" />
</foaf:Person>

an Honors U

niversity:in Maryland 21



FOAF Vocabulary

Basics
Adent

Person

Name

nick

title

homepadge
mbox
mbox_shalsum

img
depiction
(depicts)
surname
family. name
givenname
firstName

Personal Info
weblog
Knows
interest
currentProject
pastProject
plan
based near
workplaceHomepage
workInfoHomepage
schoolHomepage
topic_interest
publications

geekcode

myersBrigds

dnaChecksum

Documents &
Images

Document

Image
PersonalProfileDocu

ment
topic (page)
primaryTopic
tipjar
shal
made (maker)
thumbnail

logo

Projects &
Groups

Project
Organization
Group

member
membershipClass

fundedBy
theme

Online Accts
OnlineAccount
OnlineChatAccount
OnlineEcommerceAccount
OnlineGamingAccount
holdsAccount
accountServiceHomepage
accountName
icgChatID
msnChatlID
aimChatID

jabberID
yahooChatID



http://xmlns.com/foaf/0.1/#term_Agent
http://xmlns.com/foaf/0.1/#term_Person
http://xmlns.com/foaf/0.1/#term_name
http://xmlns.com/foaf/0.1/#term_nick
http://xmlns.com/foaf/0.1/#term_title
http://xmlns.com/foaf/0.1/#term_homepage
http://xmlns.com/foaf/0.1/#term_mbox
http://xmlns.com/foaf/0.1/#term_mbox_sha1sum
http://xmlns.com/foaf/0.1/#term_img
http://xmlns.com/foaf/0.1/#term_depiction
http://xmlns.com/foaf/0.1/#term_depicts
http://xmlns.com/foaf/0.1/#term_surname
http://xmlns.com/foaf/0.1/#term_family_name
http://xmlns.com/foaf/0.1/#term_givenname
http://xmlns.com/foaf/0.1/#term_firstName
http://xmlns.com/foaf/0.1/#term_weblog
http://xmlns.com/foaf/0.1/#term_knows
http://xmlns.com/foaf/0.1/#term_interest
http://xmlns.com/foaf/0.1/#term_currentProject
http://xmlns.com/foaf/0.1/#term_pastProject
http://xmlns.com/foaf/0.1/#term_plan
http://xmlns.com/foaf/0.1/#term_based_near
http://xmlns.com/foaf/0.1/#term_workplaceHomepage
http://xmlns.com/foaf/0.1/#term_workInfoHomepage
http://xmlns.com/foaf/0.1/#term_schoolHomepage
http://xmlns.com/foaf/0.1/#term_topic_interest
http://xmlns.com/foaf/0.1/#term_publications
http://xmlns.com/foaf/0.1/#term_geekcode
http://xmlns.com/foaf/0.1/#term_myersBriggs
http://xmlns.com/foaf/0.1/#term_dnaChecksum
http://xmlns.com/foaf/0.1/#term_Document
http://xmlns.com/foaf/0.1/#term_Image
http://xmlns.com/foaf/0.1/#term_PersonalProfileDocument
http://xmlns.com/foaf/0.1/#term_PersonalProfileDocument
http://xmlns.com/foaf/0.1/#term_topic
http://xmlns.com/foaf/0.1/#term_page
http://xmlns.com/foaf/0.1/#term_primaryTopic
http://xmlns.com/foaf/0.1/#term_tipjar
http://xmlns.com/foaf/0.1/#term_sha1
http://xmlns.com/foaf/0.1/#term_made
http://xmlns.com/foaf/0.1/#term_maker
http://xmlns.com/foaf/0.1/#term_thumbnail
http://xmlns.com/foaf/0.1/#term_logo
http://xmlns.com/foaf/0.1/#term_Project
http://xmlns.com/foaf/0.1/#term_Organization
http://xmlns.com/foaf/0.1/#term_Group
http://xmlns.com/foaf/0.1/#term_member
http://xmlns.com/foaf/0.1/#term_membershipClass
http://xmlns.com/foaf/0.1/#term_fundedBy
http://xmlns.com/foaf/0.1/#term_theme
http://xmlns.com/foaf/0.1/#term_OnlineAccount
http://xmlns.com/foaf/0.1/#term_OnlineChatAccount
http://xmlns.com/foaf/0.1/#term_OnlineEcommerceAccount
http://xmlns.com/foaf/0.1/#term_OnlineGamingAccount
http://xmlns.com/foaf/0.1/#term_holdsAccount
http://xmlns.com/foaf/0.1/#term_accountServiceHomepage
http://xmlns.com/foaf/0.1/#term_accountName
http://xmlns.com/foaf/0.1/#term_icqChatID
http://xmlns.com/foaf/0.1/#term_msnChatID
http://xmlns.com/foaf/0.1/#term_aimChatID
http://xmlns.com/foaf/0.1/#term_jabberID
http://xmlns.com/foaf/0.1/#term_yahooChatID

FOAF: why RDF? Extensibility!

= FOAE vocabulary provides 50+ basic terms for making
simple claims about people

m FOAF files can use other RDE terms too: RSS,
MusicBrainz, Dublin Core, Wordnet, Creative
Commons, bloeod types, starsigns, ...

s RDF guarantees freedom off independent extension
= OWL provides fancier data-merging facilities

= Result: Freedom to say what you like, using any. RDF
markup you want, and have RDF crawlers merge your
FOAF documents with other’s and knew When you're
talking about the same entities.

After Dan Brickley, danbri@w3.org



No free lunch!

Consequence:

s \We must plan for lies, mischief, mistakes, stale
data, slander

= Dataset IS out off control, distributed, dynamic

= Importance off knowing who-said-what
= Anyone can describe anyone
= \\/e must record data provenance
= Modeling and reasoning about trust is critical

s L.egal, privacy and etiguette issues emerge
= \Welcome to the real world

After Dan Brickley, danbri@w3.org



e
RDF is being used) RDF a1

= RDF has a solid specification
= RDF Is being used in a number of web standards
= CC/PP (Composite Capabilities/Preference Profiles)
= P3P (Platform for Privacy Preferences Project)
= RSS (RDE Site Summary)
= RDFE Calendar (~ iCalendar in RDF)
= And In other systems
= Mozilla & Firefox web browsers & Open directory
= Adobe products via XMP: (eXtensible Metadata Platform)
= \WWeb communities: LiveJournal, Ecademy, and Cocolog.
= We've found over 2.2M RDF documents on the web
= New Oracle and Cisco products



http://www.w3.org/Mobile/CCPP/
http://www.w3.org/Mobile/CCPP/
http://www.w3.org/P3P/
http://www.w3.org/P3P/
http://web.resource.org/rss/1.0/
http://web.resource.org/rss/1.0/
http://www.w3.org/2002/12/cal/
http://www.w3.org/2002/12/cal/
http://livejournal.com/
http://www.ecademy.com/
http://stella.cocolog-nifty.com/

RDF Schema (RDFS)

s RDF Schema adds
taxonomies for
classes & properties

= subClass and subProperty
= and some metadata.

= domain and range
constraints on properties

= Several widely used
KB tools can import
and export in RDFS

an Honors U

niversity:in Maryland
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New and

Improved!

100% Better
than XML!!

RDFS supports simple inferences

= An RDF ontology plus some RDF statements may imply:
additional RDF statements.

m [his is not true of XML.

= Note that this is part of the data model and not of the
accessing or processing code.

(@prefix rdfs: <http://www.....>. parent a class.
(@prefix : <genesis.n3>. person a property.
parent rdfs:domain person; woman subClass person.
rdfs:range person. =5 mother a property.

mother rdfs:subProperty parent; 8 eve a person;
rdfs:range person. T
. b
eve mother cain.

parent cain.
cain a person.




From where will the markup come?

= A few authors will'add it manually.

= More will'use annotation teols.
s SMORE: Semantic Markup, Ontoelogy: and RDE Editor

= Intelligent processors (e.g., NLLP) can understand
documents and add markup' (hard)
s Machine learning powered: infermation extraction tools
Show. promise
= L.ots of web content comes from databases & we
can generate SW markup:along with the HTML

= See http://ebiguity.umbc.edu/



From where will the markup come?

= [N many. tooels, part of the metadata information
IS present, but thrown away: at eutput
= €.d., a business chart can be generated by a tool...

x ...It "knows™ the structure, the classification, etc. of the
chart

= ...but, usually, this information;is lost
= ...storing It In metadata Is easy!
n SO ‘semantic web aware” tools can produce lots
of metadata
= E.g., Adobe’s use of its XMP platform



W3C’s Web Ontology Language (OWL)

m OWL released as W3C recommendation 2/10/04
= See http://www.w3.0rg/2001/sw/WebOnt/ for OWL
Overview, guide, specification, test cases, etc.
= OWL provides a richer vocabulary to
= describe ontologies and their properties and relations

= Describe properties of properties (e.g., transitivity,
Inverse, cardinality constraints)

= Create definitions (i.e., necessary and sufficient
conditions)

= Compliment

H etC. j:t a

Unicode

Trust
\
Proof g
2
o

k Logic

wv
Ontology vocabulary | ®




Semantic Web Rule Languages

= [here are some things that your can not define
in OWL, like the uncle relationship.

= [Wo extensions to owl provide rule languages to
use with OWL

= SWRL is a simple Datalog-like rule language
whose conditions and conclusions are RDF
triples

= RuleML is a language that can encode most of
first order language

m Several OWL reasons incorporate SWRL
rules



OWL-S defines Services

= AN important use-case for OWL is to give
semantically grounded descriptions fior SErVICeS

= [hese might be webi services, grid Services, or
some other kind of service.

s OWL-S is'an OWL ontolegy that can be used to
describe services in terms of:

= Meta data (who, what, where, when, ...)
= Preconditions and effects

= [nputs and outputs

= Compositions and decompostions



This talk

m [Votivation

s Semantic web concepts and
technologies

= Using the semantic web for
(1) Pervasive computing
(3) Information retrieval

= Conclusions

an Honors University in Maryland
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Motivation: but no

0 here

“Well, officer, the coffee pot at hame tried.
to tell my PDA to buy some Colombian beans on
the way home, but the car overheard the message

and took it as a command to turn for the
grocery store right away...”’

= S
and &~ _5:“’

——
A

)
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Pervasive Computing

" The most profound technologies are those
that disappear. They weave themselves into
the fabric of everyday life until they are
indistinguishable from it " — Mark Weiser

writing, central heating, electric
lighting, water services, ...

taking your laptop to the beach, or
immersing yourself into a virtual reality



This is a challenging environment

= While devices are getting smaller, cheaper and
more powerful, they still have severe‘limitations.

= Battery, memory, computation, connection, bandwidth
= Each as limited sensors and«perspective
= The environment is mherent@ dynamic with
serendipitous connections and unknownentltles
= This makes security and trust important

s MANETS (mobile ad hoc networks) underlie
pervasive infrastructures like Bluetooth

= [t's autonomous agents all the way down

= Privacy is a special concern
= People and aents want . 0 control how information

about thgFs.collected and used




Representing and Reasoning about Context

CoBrA: a broker centric agent architecture
for supporting pervasive context-aware
systems

= Using SW ontologles for.gontext modeling
and reasoning about devices, space, time,
people, preferences, meetings, etc.s

= Using logical inference to interpfet context
and to detect and resolve inconsistent
knowledge

= Allowing useérs to define policies controlling By
how information abeut them is used and &

shared|E=EL
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A Bird’s Eye View of CoBrA

Information Servers Semantic Web &
(Exchange Server, iCal, Web Services Database
YahooGroups, etc.) (RDF, DAML+OIL & OWL) (MySQL)

Contexts in External Sources

Context-Aware Devices Context-Aware Agents
T - : Context Broker
- € Bluetooth Context Wi D)
e . knowledge base

R L) ;; SOAP + RDF/OWL Context FIPA-ACL + RDF/OWL
@ AL Reasoning Engine

3 - Ethernet Context Ethernet

e l/ l@l Acquisiton Module
N Privacy

'/ /‘ » Management Module

Contexts in the Intelligent Spaces

g 8-y

Smart Tag Sensors Environment Sensors Device & Gadget Sensors
(Radio Frequency Identification) (Xanboo & X10 technology) (Java Ring, SmartCard etc.)




A Typical CoBrA Use Case

Alice in Wonderland*

Alice enters a
conference room

b ey
W2

The broker detects
Alice’s presence

. 7Y

The broker negotiates
privacy policy with Alice

)
g@ =>

Policy says,
“can share with any

agents in the room”

The broker builds
the context model

The broker knows
Alice’s role and
intention

€+l2'

UMBC

n Maryland

* Our intelligent meeting room

42



A Typical CoBrA Use Case

Alice in Wonderland

The broker informs
the subscribed agents

O2%g

The projector agent
wants to help Alice

é - B

The projector agent
asks slide show info.

v—0

The broker acquires
the slide show info.

The broker informs
the prOJector agent

Q—>.

The projector agent
sets up the slides

&'

43



SOUPA Ontology provides common vocabulary

SOUPA Ontology (2004-06)

http://pervasive.semanticweb.org/ont/2004/06/ Document
[doc] \
Digital-Doc
[ddc]
Meeting
[mtg]

Device
[dev] BDI
[bdi] ImgCapture
Action [icap]
Region [act]
Conn Calc
[rec]
Location
[loc]
Schedule B e <— owl:imports
0 D il ™ {__) SOUPA Core

O SOUPA Extension

[ ] XML Namespace




A Simple Spatial Model of UMBC

California
(State)

Maryland

(State) rcc:isDisconnectedFrom

spc:spatiallySubsumes

A

UMBC
(Campus)

spc:spatiallySubsumes

ITE
(Building)

spc:spatiallySubsumes  spc:spatiallySubsumes

ITE-338
(Room)

ITE-201

rcc:isDisconnectedFrom —»
(Room)



Where's Harry?

California
(State)

Maryland

(State) .rcc:llesconnectedFrom

spc:spatiallySubsumes iy
S loc:locatedIn -

UMBC
(Campus)

spc:spatiallySubsumes Idé:located_l n

ITE Harry

(person)

(Building)

spc:spatiallySubsumes  spc:spatiallySubsumes loc:locatedIn

ITE-338
(Room)

ITE-201

rcc:isDisconnectedFrom —»
(Room)



Detecting Inconsistencies

California

rcc:isDisconnectedFrom (State)

spc:spatiallySubsumes

A

UMBC
(Campus)

spc:spatiallySubsumes Harry

(person)

ITE

(Building) loc:locatedIn

spc:spatiallySubsumes  gpc:spatiallySubsumes

ITE-338
(Room)

ITE-201

rcc:isDisconnectedFrom —»
(Room)

loc: located!ln



What about Privacy?

s [he infermation sharing behavior of the
context broker is governed by a set of

00
m EX

ICles

pressed Iin a declarative Policy language

s [he set includes policies for the
organization(s), space, devices and people
INVolved.



1st Autonomous Agent Policy

1 A robot may not injure a
human being, or, through
I[naction, allow:a human
being torcome to harm.

2 A robot must obey: the
orders given it by human
beings except where such
orders would conflict with
the First Law.

3 A robot must protect its
own existence as long as
SUCh protection does not
conflict with the First or
Second Law.

- Handbook of Robotics, 56th
Edlition, 2058 A.D.

an'Honors University/in Maryland
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It's policies all the way down

=In Asimov’s world, the robots didn't
always strictly follow their policies

= Unlike traditional “hard coded” rules like
DB access control & OS file permissions

mAutonomous agents need policies as
“norms of behavior” followed by good
citizens including policies for what
happens if they don't follow policies

n SO, it's natural to worry about ...

= How agents governed by multiple policies
can resolve conflicts among them

= How to deal with failure to follow policies
— sanctions, reputation, etc.

= Whether policy engineering will be any
easier than software engineering

1 A robot may not injure

a human being, or,
through inaction, allow
a human being to come
to harm.

2 A robot must obey the

orders given itiby hu-
man beings except
where such orders
would conflict with the
First Law.

3 A robot must protect its

own existence as long
as such protection does
not conflict with the
First or Second Law.

- Handbook.ef Robotics,
56th Edition, 2058 A.D.



Privacy Protection in CoBrA

m Users define policies to permit or prohibit
the sharing of their information

= Policies are provided by personal agents
or published on web pages

= and use the SOUPA ontologies as well
as other SW assertions (e.g., FOAF
schedules)

m [he context broker follows user defined
policies when sharing infermation, unless
contravened by higher policies



The SOUPA Policy Ontology

, i
| |
| |
| |
) |
| |
| |
) |
' i
| i
: createdOn :
) ~. :
| / RN

: 2 rdfs:range i
: rdf§:range % :
| s X i
|

: PermittedAction  [«------- owl:disjointWith ----------- »| FobiddenAction :
| |
| |
: / |
: rdfs:subClassOf rdfs:subClassOf i
! i

Action

| |
| |
I |
) [
| |
I [
| [
| :: Legend :: | |
I [
: OWL Class :
| |
| DatatypeProperty or | |
: O ObjectProperty :
location
: ocatio — rdfs:domain :
| |
| [




Policy Reasoning Use Case

s [[he speaker doesn‘t want others to know: the
Specific room that he's in, but is willing: for others
to know he's onf campus

= He defines the following privacy: policy:
= Share my. location with a granularity. >= "State™

= [he broker
s [SLocated(US) => Yes!
s [SLocated(Maryland) => Yes!
s [SLocated(UMBC) => Uncertain..
= [SLocated(ITE-RM210) => Uncertain..




What we learned

s FIPA and OWL were good for integrating
disparate components

= Even when some of these were running on: cell
phones!

s OWL made it easy to mix content from different
ontologies unambiguously

= [he use off OWL made it easy to take advantage
oft information published in' XML on the web

= e.g., foaf information, privacy policy:



What we learned

Declarative policies can be used to model
security, trust and privacy constraints

Reasonably expressive policy languages can be
encoded on OWL

This enables policies to depend on attributes
and context infermation available on the
semantic web

Policies are applicable at almost every level of
the stack, from systems and networking to
multiagent applications.



This talk

m Motivation

= Semantic web concepts and
technologies

= Using the semantic web for
(1) Pervasive computing
(3) Information retrieval

an Honors University in Maryland
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A http:/ /swoogle.umbc.edu/ - Microsoft Intert - 10| X
File Edit W“iew Favorites Tools Help -f'f
Address i htip: ffawoogle.umbc. edu/ | 1 G0
Links & |home &£ |Google &) Trustwiki & ]Blog % swoogle
senr'ch and me’rudu’rn fnr' ’rhe EEI"I"ICIHTIC web
Documents Terms Ontology Dictionary  hore Features.
time before after 2

® Ontology Only ALl | Swoogle Search I

About Swoogle o Swoogle Statistics o Forum o Submit UREL 0 Surveys




Google has made us smarter

I will use Google before atking dumbk questions. 1 will vie Google before
asking dumk quertions. T will use Google before asking dumk questions.
I will use Google before atking dumb questions. 1 will vie Google before
asking dumk quertions. T will use Google before asking dumk questions.
www.mrlsurninl before atking dumb questions. T will vie Google kefore
asking dumk quertions. T will use Google before asking dumk questions.
I will use Google before atking dumb questions. T will vie Googlegfare
asking dumle questions. 1 will vie Google before asking dumk qu
I will use Google before atking dumb questions. 1 will vie Goog
asking dumb questions. T will use Google before astking dumb o'sy

I will use Google before atking dumbk questions. 1 will vie Googime g e
asking dumle questions. T will use Google before atking dumbk r‘ﬁ

— |

Something similar’is needed by people  wl!

and' software agents for information  —
on the semantic web.

UMBC

an'Honors University/in Maryland
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Swoogle Architecture

data [IR analyzer} [SWD analyzer} interface
analysis T 1 T Web Server

S— i
m Web Service
metadata — 1 Agent Service
creation I

SWD 4& [ SWD Reader} N,

. -
discovery| candidate
URLs <—[Web Crawler }/

340K SWDs, 48M triples, 97K classes,
55K properties, 7M individuals (April 2005)

Swoo le I» @ UMBC


http://research.ebiquity.org/v2.1/?EBS=10d96f0871bd326054507e50295083cc

Time” Ontology

We can use a set of keywords to search
ontology. For example, “time, before, after”
are basic concept . NTSSVoU

A http:/ /swoogle.umbc.edu/index.phy

File Edit “iew Favorites Tools

Help

Address |&] htp: ffswoogle.urnbe.edu/findesx. php

http: A www &l srl.comy/daml/ontologiesAirme/Tirme . daml

2 Swoogle - Microsoft Internet Explorer
File Edit Yiew Favorites Tools Help

o ] 9
|
Address I@ http:ffswuugle.umbc.edu!muduIes.php?start:1&t3taI:-1&name:SWDDgIB_Searcth G0

Swoo le

zearch and metadata for the semantic web

http:sfcidoc.ics forth grirdfs/cidoc crm 3.4 .rdfs
Suffix; rdfs Encoding: RDFA<ML Last modified: 2004-05-14 08:19:57
Classes defined: 77 Properties defined: 24é Instances defined: 0 —
Triples; 1080 MNamespaces used: 3 Ontology Ratio; 1
Cached: Original File M-Triples
Swoogle view:Docurment Properties Termn Propetties

e w8l s comdamlfontologies,tirne,Time . daml

Suffiz: daml Encoding: RDFA<ML Last modified: 2002-10-07 15:400%
Classes defined: 15 Properties defined; 42 Instances defined; 18
Triples; 264 Mamespaces used: & Ontology Ratio; 0.537736
Cached: Qriginal File N-Triples

Swaggle view:Docurnent Properties Term Properties

Cached: Criginal File M-Triples

Suffix: daml Encoding: RODFS<ML Last modified: 2002-10-07 15:40:53
Classes defined: 15 Properties defined: 42 Instances defined: 18
Triples: 264 MNamespaces used: 5 Ontology Ratior 0.537736

Swoogle view:Docurment Properties Term Properties

@ T e

A

hittpfYsweetipl.nasa.goyv/ontologytirne, owl
Suffix: owl Encoding: RDFSXML Last modified: 2004-09-16 21:07:49
Classes defined: 27 Properties defined: 6 Instances defined: 0
Triples: 70 Mamespaces used: 7 Ontology Ratio: 0.891892
Cached: Original File M-Triples
Swoogle view:Docurment Properties Termn Propetties

Py T @ e

| Kl



A Swoogle - Microsoft Internet Explorer =10l x| A Swoogle - Microsoft Internet Explorer -3l x|
File Edit ‘“iew Favorites Tools  Help | a File Edit View Faworites Tools Help | ar
Address I@ http : #swoogle.urmbc. edu/rodules. php?name =Swoogle_Search&file=view j Gao | Lirks > Address I@ htip: /fswoogle.urmbe.edu/modules.php?name=Swoogle_Searchafile=viewDoourmes j Go

A _ _ B
— httptffwww daml.orgfservices/daml-s/0.7/CongoProfile.darml
http:Swww darml.org/services/daml-s/0.9/CongoProfile.darml
- http:www darml.org/services/ darml-
woo i e 5/0.9/ProfileHisrarchy .darml
'y L - Referenced by: http://www.daml.orgfexperiment/ontalogy/betasassessment-
search and me tadata for the semantic web ont.owl

hittp s Swww aiusricomy/~daml/ontologiestime /Time, darml

wrw al.sr.comddamlfontologqiesAime

Other properties

Age: 757 days; Modified: 2002-10-07 15:40:53; Crawled: Z004-09-24
20:16:17,

Dates:

Size in bytes: unknown

cache: Criginal File M-Triples

Swoogle URI

1D Fa=L X

Instance
Defined

Swoogle Rank 015787
Score:

weight: 519 ?__,,.l

Cntology/Instance

Type: mixture (53%)




- Swoogle - Microsott Internet Explorer

Address |g"| http:ffswoogle.umbc.edufmodules.php?name:Swoogle_Search&ﬁle:view[j Ga | Lirks

>3

Swoo le

search and me radata for the semantic web

Document View || Terms View

http: / fvwwww.ai.sri.com fdaml/fontologies/ftime/Time.daml

. . . ?
&pply: Hyperdam| Dumpont RDF validator ObjectViewer <

Defined Classes
Local name URI

TemporalDescription  hitp:dfwww . ai.sri.comddamlfontologiesstime/Time daml#TermporalDescription

TemporalEntity hitp:Afwww aisricom/damlfontologies time/Time daml# Temporal Entity
Properinterval hitp:Afwww aisri.com/damlfontologies tirme,/Time. darml #Properlnteryal
Instant http e Afwww i sricomfdamlfontologies tirme/Tirme . daml #Instant
Second hittpAfwww aisri.com/damlfontologies tirmeTime daml#Second

Minute http: A aiusri.com/damlfontologies tirme,Time . darml #Minute

Hour http:/fwww ai.sri.com/daml/ontologiestime,/Time . daml#Hour

Event http:/fwmw .ai.sri.comfdaml/ontologiestime/Time . daml #Event

Manth http:/fwww ai.sri.comfdaml/ontologiestime/Time  daml #Month

Year ; RN darmlfontologies time,Time daml#vear

ProperintervalSel hies/tirne /Tirne. daml#ProperintervalSet

hies/tirne/Time. darml#Day

Dray

week
http: A ai.sri.com/damlfontologiestirme,Time. daml #TimeZ one

Interval hittp:fAwww ai.sri.com/daml/ontologiestime,/Time daml # Intery al
Defined Properties

Lacal narne URI Type

daySlatof i com/daml/ontologiesfime/Tinme. . daml UniqueProperty

beginof

ObjectProperty

pqlessTimneys Himne.aami

TransitiveProperty

ObjectProperty

ke flonaa 2 el caraddaralfantalnaiea e firne fTirna daemal

Digest ““I''me” Ontology (term view)

—|O]%]

File  Edit | View Fawvorites  Tools  Help | ﬂ-’

=10] x|

osoft Internet Explorer
wiew Favorites Tools  Help | -

File  Edit

Address I@] hitp: ffewoogle.urmbc, edu/rodules, phpPname=Swoogle_Searchdfile =viewDooume j Go

|

Populated Classes

Local name URI Count
UniqueProperty bttpAfwww darml.org /200103 daml+oil # UnigueProperty 22
ObjectProperty bttp v daml.org /200103 /daml+oil# ObjectProperty 2z
DatatypeProperty http: ffwww daml.org/2001/03/darml+oil # DatatypeProperty 19
Class http: Afwww daml.org/2001/053/darml+oil #Class 15
Restriction http: /v daml.org/2001/03/daml+oil # Restriction ]
decimal http v w3 org/ 200010/ MLEchemad decimal 7
TimeZone http: /A aiusr.com/daml/ontologies/time/Time daml# TimeZone 5
Instant http: /A aiusr.comsdaml/ontologies/time/Time . daml#Instant 2
Event http A aisri.com/daml/ontologies/Airme/Tirme .darm|# Event z
TransitiveProperty  http:/fwww.darml.org/2001/03/daml+oil# TransitiveProperty 1
Ontology http:/Awww.daml.org/2001/03/daml+oil# Ontology 1
Interval http A aisri.comddaml/ontologiestirne/Tirme .darml# Interval 1
integer http:fwww w3 .org/2000/10/<MLSchermadinteger 1
Populated Properties
Local name URI Count
type http /W w3 org/1999/02/22-rdf-syntax-ns#type 108
range http v w3 org/2000/01/rdf-schema#range 35
domain hittp s A w3 org /2000701 /rdf-schema# domain 33
comment http: A w3 org/ 2000701 /rdf-schema# comment 28
subClassof hittp A e w3 org/2000/01/ rdf-scherma# subClass Of 19
onProperty http://www.daml.org/2001/03/daml+oil#onProperty &
value http A www w3,0rg/1999/02,/22-rdf-syntax-ns#value g
inverseOf http:fwww . darml.org/2001/03/daml+oil#inverseOf 7
hasvalue http:Afwww . darml.org/2001/03/daml+oil#hasValue 7
label http W w3 org/2000/01/rdf-scherma#label 3
atTime httpAwww aiusricomy/daml/ontologiestime /Time . daml # atTime 2
toClass http e www daml.org/2001/03/daml+oil#toClass 1
imparts httpffwww . daml.org/2001/03/daml+oil#imports 1
disjointith httpfwww . darml.org/ 200103 /darl+oil# disjointith 1
endOf http: ffwww . aishi.comy/damlfontologiesime/Time . daml#end Of 1
dayOf http: v, aish.comy/damlfontologiesime Time . daml#day of 1
beginGf http i/ www aisri comy/daml/ontologies time /Time . daml#beginOf i
versionInfo http: /v daml.org/2001/03/daml+oil#versionInfo 1
subPropertyof  hitp:/fwww w3 .org/2000/01 rdf-schema# subPropertyof 1 pr




Find Term “Person’

(ol x|
| o

33

A Swoogle - Microsoft Internet Explorer
Help

File Edit “iew Favorites  Tools

Address I@ hittp: //swoogle.umbc.edu/modules. php?name=0Ontalogy_Dictic j Go | Links

Swoo le |

sardhand metadata for the ssmomtic web

7 Swoogle Ontology
Dictionary

&t

e
l‘f; ety

|
Ontology dictionary have collected 144546
terms defined in the Semantic Web. It
provides convenient search and index
interface for users as the following.

Term Lookup Term Index

[

A Swoogle - Microsoft Interr. 3t Explorer ]
File Edit ‘“iew Favorites Tooks Relp | :,'
Address http : /fswoogle.umbc, edu/midules. php?name =0ntology Dictionary&file=indexBaoption Go | Links >

Person
URI: http:ffxmins.com/ffoaf/0.1/FPerson
Type: class Family: rdfs owl
instances,

Ontology DictionaryCalphabetical Term Index (drder by prefix of term local

name)

pPErson
URI: hittp:/fxmlns.comffoaf/0.1/persan
Type: class Farmily:

Ontology Dictionfry: Ter
Iperson sar dhand metadata for the s smomtic web
% Exact  prefix  Yuffix - 1|:| |:|.I: tl:ltal 3?5 I'-ESLIH:S Term |-
 prefix O suffix T Fuzzy
Copyright 2004,

Cefined by 16 ontalogies Populated by 51626 documents and 96453533 class

Defined by 0 ontologies Populated by 163 docurments and 3236 class instances

. (8) URI: http:/fxrnlns .com/foaf/0.1/#Person

« PERSONE (43 Type: class Family: rdfs owl Defined by 27 ontologies Populated by 16

« PERSONF 8y docurnents and 414 class instances.,

o PERSONG (2 Person

« PERSONH (2 URI: httpi/fernlns oomydfoaf/01/Person

o PERSOMNI sy Type: class Family: rdfs owl Defined by 16 ontologies Populated by 51626

o« PERSOMNL 193 documents and 964533 class instances, ﬂ

(o] x|
| a

3

2 Swoogle - Microsoft Internet Explorer

File Edit Wiew Favorites Tools Help

Address I@ http:[{'swoogle.umbc.edulmoduIes.php?name:Onh:IDgy_DictiDnary&ﬂIe=IDDkup_ter|j Go | Lirks

Swoo le

Term Lookup

- 10 of total 378 results person'in 0.0087 seconds

U]
URI: hitp:/f=rmlns.com/foaf/0.1/Person
Type: class Family: rdfs owl Defined by 16 ontologies Populated by 51626 documents and 964533 class

ins

Person
URI: hitp:
Type: class Family: owl

v w3, org/2000/10/swap/pim/contact#Person
Defined by 1 ontologies Populated by 254 documents and 955 class instances.

Not capitalized! URIref is case sensitive!

1 bt

xrlns.com/fosf/0.1/person
lass Family: b

Defined @logies Fopulated by 163 documents and 3236 class instances,

Person
URI: hitp:
Type: class Family: rdfs

wyw armico.orgfvocab#Person
Cefined by 1 ontologies Populated by 90 documents and 90 class instances.




DigCSt Term “Person” Fused Definition of http://xmlns.com/foaf/0.1/Person

[t is defined as class by 15 SWDhs with 8 predicates

# Predicate-¥alue

Ly

. Term Definition:

ety : . :
™ | http ff}{rnlns CDmeDaffD lfPerson 1 htpAfwww w3 org/2003/06 s w-vocab-status/ns#term  status

# Related Terms (same namespace

it
| * Related Terms {sa

"‘testing

g
|

2 owlidisjointhith

""fu:uaf:Oruanizatiu:un

nstance Propertie
(from instances)

nstance Propertie
(from ontology}

Class Properties

(Fused)

& foaf Docurnent

""fu:uaf:F‘ru:ujeu:t

Instance Properties (from ontologies) of http://xming.com/foaf /0.1 /Person

By analyzing ontologies, this class is rdfs:dfrmain of 167 different properties

#
1
2
rdfs:Resource
3 http:/=mins com/foaf 0.1 knows foaf:Person

Instance Properties (from instances) of http: //xmlns.com/foaf /0.1 /Person

2y analyzing the instances, this class is dorffain of 562 different properties

#* property

==1562 different properties |

1
2
3 foafiweblog pops
4 foafiname 33090 sources 4 bR

5 rdfs:seedlsa 31905 sources 329 | http:/fdac.lolipop.ip/bookmarksfoaf.rdf

6 foaf:knows 29957 saurces 3187 | 179dced:fef96e1b77:-7fe3

Related
Ontology

& source

& source
5 source

S source

Related
Ontology

G source
£ source
6 source
2 source

g source
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Swoogle Today

A http: / /swoogle.umbc.edu/index.php - Microsof -1o] x|
File Edit View Favorites Took Help | 1','
Address I@ http: fswioogle urmbc.edu/index.php j Go

I E
search and metadata for the semantic web
Documents Terrms Ontology Dictionary
time befare aﬁer{ 2
& Ontology Cnly Al
About Swooglelo Site Map p Forum
Swioogle v2.0, 266,354 docurmgts, @ 200d/UMBC ebiquity group
E
& I I I - rer— -

A http:/ /swoogle.umbc.edu/sitemap.html - Microsoft Internet Explorer

Fie Edit View Favories Tools Hsp

Ackiress [€] nip //swoogle b sdufsiemap honl

Swoo le

search and metadata for the semantic web

Swoogle Services
ey
[yk= )
4
Swoogle Search
Tools

Orntology Submission

Supports
Documentation

Swoogle Features

{ /;‘:3;: ‘:

Ontology Dictionary
Swoogle Web Service

Visitor Feedback & Statsitics
 Visitor Forurn
 Visitor Surveys
 Visitor stafistics

o Wisitor's Top 10

User Management
Your account

File Edit “iew Favorites

2l Swoogle - Microsoft Internet Explorer

Address I@ http: /fewaogle.u

Sl

[ ® Inemet

Navigation

' Home

' Swoogle Features
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' Ontology Dictionary
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' Ontology Submission
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' Misitar's Top 10

' Your Account

Who's Online
There are currently, &
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(s) that are online.
vou are Jegaed as dingli,
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Woogle Statistics

SWD per Website (Top 500 website)

(generated at: Thu, 6 Jan 2005 12:49:49 -0500)

There are 130852 websites that hosting 336456 SWDs

rank host name swd count swd percentage google estimation nswd count nswdfswd
1 blag.livedoor,jp 15599 4.64 % F3a0oo 2589 01660
a wiw  ecadenny .com 10052 2.99 % 1l a2 0.0082
3 o, Ul lug . co .k 8717 2.59 % 1] 1 0.0001
4 www livejournal.com - FOAF = sazs 2.48 % 0 2295  0,2752
5 =il tabulets,.com TBZE 2,33 % 0 2167 0.2769
& v deadjournal .com 7224 2,15 % 1] 6761 0.,9359
7 testers.cpan.org TI'UStiX Seva 1.69 % 1l 2l 00037
g blog.qoo.ne.jp 5374 1.60 % 25600 3s0 0.0651
9 wiw  armagle.com S090 1.51 % 10500 2799 1.1393
10 waplog.jp 4420 1.31 % 10900 4015 0.9084
11 blogs.dion.ne.jp 3723 1.11 %% 14300 2735 0.7346
1z WAL W S, 0] W3C 3071 0.91 %% 11700 3735 1.2162
13 armeblo.gp 2983 0.89 % 0 a0 0.0302
14  mirrors.webthing.com 2895 0.86 % 2650 2023 0.6988
15 WA L MY PrEss, Jp 2891 0.56 % 12400 1018 0.3521
16 blog.drecarm.jp 2552 0.76 % 6770 aa0 0.3331
17 www lowark.org 25473 0.76 % 473 468 0.1840
18  iw.stanford.edu Stanford 2501 0,74 % 1730 18 0,0072
19  tinysofa.szerviz.h 2471 0.73 % 12200 1089 0.4407
20 testers,astray.com 2291 0.635 % 0 1 0.0004
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Ranking with Rational Surfing Model: An Example

http://xmIns.com/wordnet/1.6/

http://www.w3.0rg/2000/01/rdf-schema rdf:type

rdfs:subClassOf elElN G FtEERT

rdf:type

rdf:Property

http://www.cs.umbc.edu/~finin/foaf.rdf

finin@umbc.edu
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http://research.ebiquity.org/v2.1/?EBS=10d96f0871bd326054507e50295083cc

©J Swoogle - Mozilla Firefox
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Edit  Miew

Google @ fimin |} MEWS | ) umibc |} Research | ) Teaching | ) Service | ) Shop | ) personal | | C-SPa ) fun W' Main Page - Wikipedi... | ) Reference .. ry delicio,us 3>
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zearch and me tadata for the semantic web =+ 317 Triples vyour account leave TripleShop
Your Cart

finin, you have 4 documents, 317 triples in your cart,

Save this cart ==

[ Check Cut ][ Update Cart ]

Iterm Rermowve d
http A www mindswap.org/200 3 0wl swintterrorism ] And CheCk

Suffix: --- Encoding: R¥ Last modified: 2004-02-03 19:21:20
Classes defined: 19 Properties defined: 27 Instances defined: 0

Triples: 233 Mamespaces used: § Ontology Ratio: 0.676471 Out Ou r
Zached: Original File M-Triples

Swoogle wiew:Docurnent Properties Termn Properties

httpe/fswint. rmindswap, org/2003/submit-rdf/6 3 rdf ] trl pI es I nto
Suffix: rdf Encoding: Rx Last modified: 2004-05-17 16:03:51
Classes defined: 3 Properties defined: 10 Instances defined: &
Triples: 33 Mamespaces used:; & Ontology Ratio: 0.619045

Cached; Original File N-Triples a ny Of

Swoogle wiew:Docurnent Properties Termn Properties

http:Afswint. mindswap . .org /2003 subrit-rdf/S 2 rdf ]
Suffix: rdf Encoding: R¥ Last modified: 2004-05-17 16:05:51 Severa
Classes defined: 3 Properties defined: 7 Instances defined: 4
Triples: 21 Mamespaces used:; 7 Ontology Ratio: 0.714286

Cached: Criginal File N-Triples

Swoogle wiew:Docurnent Properties Term Properties rea SO ne rs
http:Afswint. mindswap . .org/2003 subrit-rdf/S4  rdf ] B

Suffix: rdf Encoding: RX Last modified: 2004-05-17 16:03:51

Classes defined: 2 Properties defined: 8 Instances defined: 7

Triples: 25 Mamespaces used: 7 Ontology Ratio: 0.5588235

Cached: Criginal File N-Triples

Swoogle wview:Docurnent Properties Term Properties

Remoaove ol

W

Done FR:0 adblock


http://research.ebiquity.org/v2.1/?EBS=10d96f0871bd326054507e50295083cc

Summary

2004

Swoogle (Mar, 2004)
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search and metadata for the semantic web
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Swoogle2 (Sep, 2004)

Documents Terrns  Ontology Dictionary

2005

Swoogle3 (May 2005)

Swoo le
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0 Automated SWD discovery

0 SWD metadata creation and search
0 Ontology rank (rational surfer model)
0 Swoogle watch

O Web Interface

O Ontology dictionary

0 Swoogle statistics

O Web service interface (WSDL)
0 Bag of URIref IR search

d Triple shopping cart

O Better discovery & revisit strategies

[ Better navigation models

O Index instance data

O More metadata (ontology mapping
and OWL-S services)

[ Better web service interfaces
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This talk

m [Votivation

s Semantic web concepts and
technologies

s Using the semantic web for
(1) Pervasive computing
(3) Information retrieval

m Conclusions
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Conclusions & final thoughts

s [he web will contain the world's knowledge in
forms accessible to people and computers

s \\/e need better ways to discover, Index,
search and reason over SW knowledge

s Special attention must be applied ter security,
privacy and trust

m \\/e must develop, deploy and build on open,
non-proprietary standards for knowledge
sharing.

s [he W3C standards RDF and OWL are a
foundation for the first generation



How do we get there from here?

= [his semantic web emphasizes ontologies — their
development, use, mediation, evolution, etc.

s [t will take some time to really deliver on the
agent paradigm, either on the Internet or in a
Pervasive computing environment.

= [he development off complex systems is basically:
an evolutionary. process.

s Random search carried out by tens off thousands
of researchers, developers and graduate
students.



T.T.T: things take time

THE EVOLUTION OF
USEFULTHINGS

a HiNRY FRTRDINI

= Prior to the 1890's, papers
were held together with
straight pens.

s [he development of “spring
steel” allowed the invention
of the paper clip in 18989.

" mIt took about for
.. the evolution of the modern
“4  “gem paperclip”, considered

i to be optimal for general
use.
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"The sheer height of the peak doesn’t matter, so
fong as you don't try to scale it in a single bound.
Locate the mildly sloping path and, if you have
unflimited time, the ascent is only as formidable
as the next step.”

-- Richard Dawkins, Climbing Mount
Improbable, Penguin Books, 1996.
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