Towards a Science of the Web

\jl'.l.!

Jim Hendler

Tetherless World Senior Constellation Chair
Rensselaer Polytechnic Institute

@ Rensselaer



Today's Outline

S Ne_y

nnannnm

Follow a thread, 4
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~| Semantic Web

i |

The Semantic Web is an extension of the current web in which
information is given well-defined meaning, better enabling
computers and people to work in cooperation. (Berners-Lee et al, 01)

If HTML and the Web made all the online documents look like one
huge book, RDF, schema, and inference languages will make all
the data in the world look like one huge database (Berners-Lee, 99)

The Semantic Web will enable machines to comprehend semantic
documents and data, not human speech and writings. (Berners-Lee

et al, 01)
Some standard quotes l
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Tomorrow's talk

The Dark Side of the Semantic Web

Talk and Q/A full of heresies against the "standard vision"

11AM: CISA/AIAI, Room 4.03. Appleton Tower
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A very old idea in new clothes

e Scientists communicate by use of models
— c.f. Physical

— c.f. Mathematical

— c.f. Organizational |

Models expose semantics
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Ontology

element
matter | smallest unit of element
periodic table A that retains traits of element
. ion
molecule described by componentin . definition isotope
contained 1n )\ form
atom
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atomic number /;ff carbon atom oxygen atom
atomic weight mpeS® hydrogen atom | phosphorus atom
nitrogen atom sulfur atom
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neutron
electron

Sem Web: every "term" in the ontology becomes
a uniquely named, Web linkable, concept
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Burkitt's Lymphoma—

Adding ontology

lburkitts lymphoma rearrangement
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Web Modeling Languages

® Resource Description Framework (RDF)
¢ Few, butimportant, constraint
& A basic, extensible assertional language

® RDF Schema (RDFS)
¢ Weak structuring of sets of terms (taxonomy-esque)
¢ Class and property hierarchies
¢ Domain and Range constraints

e The Web Ontology Language, OWL
& Stronger structuring of sets of terms (ontologies)
& Everything in RDFS plus
Complex Class constructors (unionOf, intersectionOf)
Additional property features (inverse, transitive)
Class local property type and cardinality constraints
And more
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Using the links

- These models allow
linking of
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"Corporate Semantic Web", Gartner "hot pick" for 2006

<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<rdf:Description rdf:about:
xmlns:pdf="http://ns.adobe.com/pdf/1.3/">
<pdf:Producer>Acrobat Distiller 7.0.5 for Macintosh</pdf:Producer>
</rdf:Description>
<rdf:Description rdf:about=
xmlns:dc="http://purl.org/dc/elements/1.1/">
<dc:format>application/pdf</dc:format>
<dc:creator>
<rdf:Seq>
<rdf:li>James Hendler</rdf:li>
</rdf:Seq>
</dc:creator>
<dc:title>
<rdf:Alt>
<rdf:1i xml:lang="x-default">XMLideas.ppt</rdf:1i>
</rdf:Alt>

Ooptions </de:title>
—— e

Ri C h e r <rdf:Description rdf:about:
metadata

Amherst
Bedford MA
Boston Loga,
Burlington M
Calgary AB

xmlns:xapMM="http://ns.adobe.com/xap/1.0/mn/">
T <xapMM:Document ID>uuid:93277c40-5534-11da-a3£2-000a95d6b344</xapMM: Docunent ID>
options <xapMM: InstanceID>uuid:9327882b-5534-11da-a3£2-000a95d6b344</xapMM: InstanceID>
</rdf:Description>
</rdf:RDF>

Embedded meta-data
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Transitioning Technologies

Semantic Web Services
crucial for linking “programs” into the mix
“plumbing” for agents...

Scaling Semantic Web stores to database sizes

Information extraction and semantics ("Web 3.0")
can we “retrofit” semantics on the existing Web?

Semantic Web information creation
can we make it so we don't have to retrofit in the future?
tools that help embed the semantics as a document is created

better dynamic integration of structured data into the Semantic
Web
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Significant Corporate Activity

Semantic (Web) technology companies starting & growing

Siderean, SandPiper, SiberLogic, Ontology Works, Intellidimension, Intellisophic,
TopQuadrant, Data Grid, ...

Bigger players buying in

Adobe, Cisco, HP, IBM, Nokia, Oracle, Sun, Vodaphone... announcements/use in
2005-2006

integrator and contractor uptake: Northrop Grumman buys Tucana, Lockheed-Martin
uses SiberLogic in FCS, WebMethods buys Cerebra, ...

tools being announced: AllegroGraph, TopBraid, ...
Government projects in and across agencies
US, EU, Japan, Korea, China, ...
Life sciences/pharma an increasingly important market
Health Care and Life Sciences Interest Group at W3C
Many open source tools available
Kowari, RDFLib, Jena, Sesame, Protége, SWOOP, Onto(xxx), Wilbur, ...

Universities should not be "competing” for

low hanging fruit - so what comes next?

el ON

U. €0oinburgh, Moy 2006 i‘@ REHSSG]&GI’




i, Towards a Science of the Web

The Web has been transformational
Largest human information construct

Understanding it requires a "science" that takes the Web as a
primary area of interest
Math/Science approach to understanding the Web
Engineering approaches for its future
Semantic Web is an example
Understanding how to ensure its social benefit

This requires a new interdisciplinary effort
Computer Science
Cognitive Science
Social/Policy issues

A new challenge for the Computing Field l

‘»YYII'Q%.
e
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Web Evolution

EARLY WEB WEB TODAY

Browser Browser, blog, Wiki, data integration

Privacy « Security « Accessibility « Mobility

HTML Interaction Semantic web Multimodal Web services
XML

HTTP HTTP 1.1, SOAP, ...

URL URL

The HTTP/HTML (Rest) Web has evolved in complex ways
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What we need to understand

The features that make the web work
The threats of fragmentation

The macro from the micro
Think Google

How to incorporate semantics
How to exploit statistics
-How to build services

How to instil trust, resilience and
dependability
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A "Systems" Science

The Web is so
complex it needs its
own Systems
Science

Inspiration from new
formal models

Inspiration from
biology?
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New Engineering

The Web needs new
engineering
standards, methods
and tools

Access to data
globally

Decentralization for
resilience

») Rensselaer

U. €dinburgh, Mo 2006



New Social Models

The Web is essentially
social

And getting moreso
Facebook,myspace
Youtube, flickr

The Web has huge

Impact on society
Information access and use
Privacy issues
Information flow control

Let's explore this thread a bit... |
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2 Social impacts of the Web

d

The "democratization" of trust, privacy, and other
"social" issues provide many societal challenges
Some we're already seeing
cf. Blogs vs. the established media
cf. Information control by govt vs. personal freedoms
Many we're just starting to encounter
How to establish credibility in an open and distributed world

How to control private information in an increasingly
transparent world

Some looming long term
cf. issues of virtual presence and online lives
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Example:Web-Based Social Networks

Websites and interfaces that let people
maintain browsable lists of friends

Last count

142 social networking websites
Over 200,000,000 accounts
Full list at http://trust.mindswap.org

Over 15,000,000 accounts are represented in
FOAF, an OWL ontology
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Adding "Trust”

A number of these networks allow people to rate how

much they trust others 3
Golbeck (2005) inferring trust by = 2500 'Zt: e
from given ratings N

J € adj(j) | ti; = maz

With direct knowledge or a recommendation about
how much to trust people, this value can be used as
a filter in many applications

Since social networks are so prominent on the web,
it is a public, accessible data source for determining
the quality of annotations and information

®) Rensselaer
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Trust Algorithm

If the source does not know the sink, the source asks all of its
friends how much to trust the sink, and computes a trust value

by a weighted average
Neighbors repeat the process if they do not have a direct rating
for the sink

Z tijtjs

_ j€adi(y) | ti; > maz

) ij

Jj € adj(j) | ti; > mazx

tz’s
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FilmTrust

Users maintain
Lists of friends
Trust ratings for friends
Movie ratings
Movie reviews

http://trust.mindswap.org/FilmTrust
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006 Mozilla Firefox )

<Zl' @’;] {L\ 1 http:/ /trust.mindswap.org/cgi-bin/FilmTrust/self.cgi?user=test v 'L:i' '

Your Home Search People Search Movies Invite Friends Network Info Logout Help
Your Profile  Your Friends Your Movies

Personal Details
I am the FilmTrust test account - but I have strong opinions and I'm not afraid to use them.

Movie Tidbits

I loved Spice World. It could quite possibly be the best movie ever made.

Personal Options

Test Test

Username: test

@D ronr | FilmTrust, Golbeck 05-06 I

See this person in the network

NDnana Adhlarlk
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Mozilla Firefox

€ > 808

s L]

% http:/ /trust.mindswap.org/cgi-bin/FilmTrust/userFriends.cgi?user=go v ()

Your Home Search People Search Movies Invite Friends Network Info Logout Help
Your Profile Your Friends Your Movies
Your Trust Network Find people:
| Everywhere <]
Jen's Friends Friends with Jen
Person Options
Person Trust Ratin tions
g Op Anne-Celine Maurice
irene golbeck 10 Update
Aditya Kalyanpur Update
Test Test 10 Update
AnantK
Pi Golbeck 10 _Update
_ Stephanie Cross Add
K Golbeck 10 Update
Bijan Parsia ] Update
Dan Z Golbeck ] 9 Update
Robert Sherwood
Jennifer Boughanem 9 Update
john golbeck 9 Update
Dean Allemang ] Update
paolo massa 8 Update
Dan Z Golbeck (] Update
Sandro Fouche ] 8 Update
Evren Sirin
Matthew Velic 8 Update
Gene Chipman Update
Jim Hendler 8 __U date
L] P debbie heisler Add
Jennifer Sneirson-Kun 7 Update
Jennifer Sneirson-Kun [OJ] Update
Bijan Parsia 7 __U date
N & Jenneke Fokker Add
Dave Wang ] 6 [ Update]|| N —
Done Adblock
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e 06 Mozilla Firefox

<J:I v @ @ * http://trust.mindswap.org/cgi-bin/FilmTrust/reviews.cgi?user=golbeck&mc v () [G)r
YourHome Search People Search Movies Invite Friends Network Info Logout Help
Your Profile Your Friends Your Movies

A Clockwork Orange (1971)

Movie details for A Clockwork Orange (1971) from
IMDB. Click Here.

User Options
Search
YourRating:[* ] You have reviewed this film: Film Title: |
I read the book before seeing the . . ; .
R movie, and the book had a poin ... I~ Search only movies with ratings or reviews
| 0.5 stars | Edit Review - Delete Review
Update]| [ Search |
Rated By
Ratings of A Clockwork Orange (1971) (All Users)
Steven Hopkinson
Number of Ratings 266 ?F’b“‘rﬁ_ Sherwood
__* XX 1m rinin
Average User Rating * % X Bill Krauss
Your Recommended Rating Phil Wilson
Your Rating Leigh Dodds
Steve Pomeroy
. [**** ]Ryan Shaw
Reviews of A Clockwork Orange (1971) Bijan Parsia
I read the book before seeing the movie, and the book had a point. There was Geoffrev Bilder
a deep social commentary there, amidst the violence and torture. The movie, : C
however, lost much of the meaning of the book. The violence was not Jason Harris
justified by the plot, and the message was left very shallow. Owen Astrachan
A lot of people who love this movie love it because they know it is supposed ho b\m SU,?.OHCIghnl
Done
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e 06 Mozilla Firefox

QZ! v @ @ » 1 http://trust.mindswap.org/cgi-bin/FilmTrust/reviews.cgi?user=golbeck&mc ¥ '1::3' 7'
— @& a2 91 1 3 &~ e dewmwa~N o |‘YYYY |I\JVHII oIIdwW
Reviews of A Clockwork Orange (1971) Bijan Parsia
I read the book before seeing the movie, and the book had a point. There was Geoffrev Bilder
a deep social commentary there, amidst the violence and torture. The movie, c
however, lost much of the meaning of the book. The violence was not Jason Harris
justified by the plot, and the message was left very shallow. Owen Astrachan

. . . .. * | hobvia doneigt
A lot of people who love this movie love it because they know it is supposed 10DV1as Suconeighm

to be deep and important, not because there is actually a lot to love here. Read Valentina Tamma
the book instead. Bernardo Cuenca
- by Jen Golbeck fox mulder
] Winnie Kessler
Kaan Ege
This movie sucked! It was probably the worst movie I have ever seen. As I Paulo Pinheiro da Silva
left the theatre, I remember thinking, "what was that all about?" Chris Craun
- by john golbeck @ystein Holm-Olsen
Stephen Harris
Chris Walton
Absolutely the worst movie ever. Very weird, hard to follow and disturbing. Hermann Keldenich
Perhaps if the book had been followed better it would have been more %% | Duy Vu
tolerable to sit through ? - 11
- by irene golbeck nivas gallo
Jenneke Fokker
Faith Piper
[ * % * * ] Eric Prud'hommeaux
One of Stanley Kubricks science fiction classics. Staring Malcolm McDowell Paul Gearon
as "Alex", a young man whose principle interests are rape, ultra-violence, and ' )
Beethoven. Michael Rueger
Suzan Foster
The first half of this film is a disturbing no-holds-barred look at the life of * %% % | Dietrich Avala
Alex. Kubrick seems to want to make the audience dislike the principle g f Ci f i
character, with little sympathy for what will ultimately happen to him. £an Laer
Jochen Notholt
When Alex goes to jail, he appears unrepentent and determined to subvert the michael diamond
system. Instead, he is subjected to a treatment to "cure" him of his ways. After %+ Davide Evnard
his cure and subsequent release, his past revisits him, causing the audience to avide Eynar
Done Adblock
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tolerable to sit through
- by irene golbeck

One of Stanley Kubricks science fiction classics. Staring Malcolm McDowell
as "Alex", a young man whose principle interests are rape, ultra-violence, and
Beethoven.

The first half of this film is a disturbing no-holds-barred look at the life of
Alex. Kubrick seems to want to make the audience dislike the principle
character, with little sympathy for what will ultimately happen to him.

When Alex goes to jail, he appears unrepentent and determined to subvert the
system. Instead, he is subjected to a treatment to "cure" him of his ways. After
his cure and subsequent release, his past revisits him, causing the audience to
question the attitudes they have formed about this character.

This is a dark and cynical film about the way society treats its fringe elements.
It contains numerous dichotomies, including an incredibly funny sex scene, as
well as the most disturbing rape scene I've ever witnessed. The violence is
stylized rather than authentic, but Kubrick makes great use of psychological
elements with a much greater effect than the highly explicit elements used in
more modern films.

- by Paul Gearon

Notwithstanding the movie's poor showing in the Golbeck demographic, this
is actually an interesting --- if at times difficult to watch --- film. Kubrick does
a pretty amazing job of making the audience feel compassion for a sociopath.
That said, the film is not 100% faithful to the book. Most notably, the final
(redemptive) chapter is omitted. But Kubrick never seemed all that much into
redemption anyway, and so the ending is not necessarily what we'd hope for,
but since when have Kubrick's films been described as 'life-affirming'? Worth
watching, even through hands over your eyes in parts...

- by Brian Shields

T -
| I J
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« So Mr. President. have you seen Brokeback Mountain? | Main RECENT POSTS

February 06, 2006

So Mr. President, have you seen
A Clockwork Orange Brokeback Mountain?

EOBEOIHE %

— 4

Y G

A few nights ago, my friend Yoshi and I went to one of the local San Francisco Tip #124: Fort Point

theater's where they're currently having a classic film festival and Thoughts on the Canadian Election

saw A Clockwork Orange. I've never seen it on the big screen before,

. . . Post-Graduate Life

but after viewing it, I realized just how much of an amazing ofa

movie it is, and how much of a freakin' genius Stanley Kubrick was.
Subscribe to this blog's feed

Even ifthe movie is nearly 35

years old, the idea of its Add me to your TypePad People list

ABOUT I .
premise still gives the chills.
" Email Me Set in a future Britain where Powered by TypePad
sr;ﬁ ™ civil society is on the brink of
eTi PHOTO ALBUMS FEBRUARY 2006

total collapse, young Alex

and his gang of droogs Sun Mon Tue Wed Thu Fri Sat

Tr: Broak the Slat 2 b
rearne e nightly roam the city--presumably London--beating people up with 1.2 3 4 o
no reason, raping dey
Te night. The British go This page mentions the movie A Clockwork Orange (1971). The average rating for this film is 3 stars
ﬁ Pigeon Point of order, snatch Alex (out of 4). Your recommended rating from the FilmTrust system is 0.5 stars. b
™= e — A v
. | RIS
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Challenges

Can outperform
recommender systems
Especially where the

individual's rating is further Error in Recommended Ratings

from the groupls ) 3 values over mi inimum da
Continues the Web's 2 _
challenge on the concept of : e

"ground truth" 3 o

What happens when this is

applied to more complex Web S |
based commerce than e
recommenders?

G
e‘.',,
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Example 2: Policy Aware Web

» — [ P -

——  HTTP-Get(URI1 S — Error 4017: =
AN [ AN loglamd wpz

@eoa {xp?mutﬁpmsy o

me-famldembar -z}

’ | hswks
Jz Wabraccess L)

(A) User requests a resource. (B) 401 error provides access rules.

—_—> R (@)
HTTP-Get(URI1); - . - = :
= oo ittp:/f.. Jorfn3” === - —J s
| P —
FROOE ) —
F( 2 Froatsiop;
Proaf Stopssotian |
FLE phatardiopicts 1) L I l
F£2 2 Proafsiop:
Proaf- SiopAsseian
[Pt me fambember ~Daa) : i
£ 2 Froatsiop:
Dad Wabraccess LI
Froat Sepuk Logh®
(C) Proof is generated and pointer is sent (D) Proof is checked, and confirmed, and
the transaction succeeds.

in new HTTP-Get request.

(NSF ITR; Hendler, Berners-Lee, Weitzner; 2005)
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S8 Girl Scout Troup 42: Home Page

4 » i l ‘e http://demo.policyawareweb.org/ ~'Q~ Inquisitor

Girl Scout Troup 42

Home

Recent Images

e Girl Scouts of the USA

e MINDSWAP

College Park, Maryland

Meeting Schedule

All meetings will be held at MIND Lab the
second and fourth Tuesday of each month.

September 23 - Planning Meeting

December 9th (may be moved to December
16th because of Cookie Sales)

Recent Photos

e Jill Smith gets award
e Condy Maynard at Summer Jamboree
e Troop 42 group photo

U. €0inburgh, Mov 2006
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The 401 “Unauthorized” response
has been modified to provide a
URL to a policy:

4 \

http://groups.csail.mit.edu/dig/2005/09/rein/examples/troop42-policy.n3
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{ REQ a rein:Request.
REQ rein:resource PHOTO.
?F a TroopStuff; log:includes
{ PHOTO a t:Photo; t:location LOC.
LOC a t:Meeting }.

REQ rein:requester WHO.
WHO session:secret ?S.
?S crypto:md5 TXT.

?F a TroopStuff; log:includes
{[] t:member [ is foaf:maker of PG ].
LOC t:attendee [ is foaf:maker of PG ] }.
PG log:semantics [ log:includes
{ PG foaf:maker [ session:hexdigest TXT ] }

1-
} =>{ WHO http:can-get PHOTO }.
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Challenges

Allows more control over
distribution of personal
information

Although we are not yet there

Increases the Web's tension
between privacy and "desire
to know"

How do we allow individuals to
easily control their identities
without revealing too much
through the aggregation of this
information
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And more to come...

Consider people having multiple identities and
multiple attributes in workspaces (not just play)
which include virtual as well as real identities

AlAI2 - Second Life
secondlife://Saengseon/197/42/108
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Conclusion

The Web is a complex and messy place
Some "order" added by Semantic Web, but growing in ways not
being explored by many Al researchers
The Web is evolving in many complex ways
Today's example, social issues in Web use
New functionalities
But potentially disruptive technologies

This drives us towards a new agenda
Understanding the Web in a Scientific Way
Modeling, engineering, and especially, social impact

Learn more at http://www.webscience.org
(Web Science Research Initiative)
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Tetherless Wodd Web

The pervasive, mobile and ubiquitous Web, requires:
Understanding the Web as a network at all scales
From protocol to social network levels
Non-browser access issues (above the IP level)
* Finer-grained information access
New methods for
Privacy protection
Security needs
Policy Aware Computing
Context dependent information use

But that's a talk for some future date... l
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