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What is the Semantic Web? 4 Answers

A The Web of Data

I A fully distributed vosed system to publish logical assertions

i A way to |Ilink to someone el seofs
I Democratic, crowased, scalable knowledge engineering

I The hottest area of Artificial Intelligence right now
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What is the Semantic Web? 4 Answers

A The Web of Data

I A fully distributed vosed system to publish logical assertions

i A way to |Ilink to someone el seofs
I Democratic, crowased, scalable knowledge engineering

i The hottest area of Artificial Intelligence right now

A The set of W3C standards for simple logic languages on the v
I RDF, RDFS, OWL (3 versions), OWL2

I Weaker than First Order Logic, more easily authorable, decidable, trac
most cases using tableaux provers

A The largest formal knowledge base on Earth
I Also the messiest formal knowledge base on Earth

A Arevolutionn the way we think of data, crowds, and schemas
I Massive, partial, participatory, logically weak, dynamiasschema
I A way to democratize and scale knowledge bases and knowledge syst
I A route to impact for Al technologies >
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Talk Outline: The Maturing Semantic Web

A The Origins of the Semantic Web r&“
I DARPAOs DAML Progr a

I RDF, OWL, and the Semweb Infrastructurg

@

A Semantic Web Evolution to 2009 WL oo
I Three Generations of Semantic Dreams N\,
I Markets and Companies

A The Fourth Generation
T A Scalable Revolution
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At the End of the 90s: Traditional KR and the Google P

AWe seek KR systems that have the ¢
Ff.r 0 p eheytggt(nuuch) better as they get bigger KR&R Goals
iGoogl e PageRankE yields better T1el ev
it indexes more pages N
1199006s KR&R syst ems haveg 't he
A So what are the components of a scalable KR&R i’
system? <
i Distributed, robust, reliable infrastructure 2
i Multiple linked ontologies and points of view =
A%i\r)eglle ontologies are feasible only at the program/agengy KR&R now
A Multiple authors and overlapping data sources >
A Private and public knowledge KR&R System Scale
i Mixture of deep and shallow knowledge (Number of Assertions
i Tractable reasoning algorithms Number of Ontologies/POVs
i Tolerant KByou are typically doing aperd Number of Rules

reasoning (no NAF), things go away, contradiction is  Linkages to other KBs
present, data is incomplete and dirty, computing musRiea s oni ng Engi
resourcaware, surveying the KB is not possible

I (Relatively) easy for-rdoE 6 s t o aut hor, validate, &

maintain
|

Scalable KR&R Systems should look just like the WebD =
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The Roots of the Semantic Web

A Semantic technology has been a distinct research field for
decades
I Symbolic Logic (from Russell and Frege)

I Knowledge Representation Systems in Al
A Semantic Networks (Bill Woods, 1975)
A DARPA and European Commission programs in information integration

~

ADevel opment of simple tractable
A Conceptual Graphs and this community

I Relational Algebras and Schemas in Database Systems

A Library Science (classifications, thesauri, taxonomies)

AWhat 0s new was the Web!
I The material needed to answer almost any question is somewhere on

I A massive infrastructure of data servers, protocols, authentication syst
presentation languages, and thin clients that can be leveraged

i A way around needing the ﬁbig)-d‘z

VULCAN p»



The Beginnings of the

Problem:
Computers cannot process most of the information stored on web pages

Solution:

Augment the web to link machraadable
knowledge to web pages

Extend RDF with Description Logic

Extensibility via frabased language desig

Create the first fully distributedeedd
knowledge base out of networks of
hyperlinked facts and data ot

ST

Approach: \ ”

Design a family of new web languages
Basic knowledge representation (OWL) Linksvia URLs
Reasoning (SWRL, OWL/P, OWL/T)
Process representation (OWL/S)

Build definition and markup tools
Link new knowledge to existing web page

Computers require explicit
knowledge to reason with web pages

elements People use implicit knowledge to

Test design approach with operational reason with web pages

pilots in US Government P
Partner with parallel EU efforts to ) -

o Standardize the new web languages VULCAN j»



What is RDF?

A Defines the terms used to describe and represent an area of

knowledge, using wdhbendly technologies

I Specified by triplessource, property, resoagegsource, property, value)

I Precise enough to be interpreted by machines

I Enables reuse of domain knowledge; makes domain assumptions explicit

Vehicle
Janufacturer 4

(sa

AL Crod 3
sa
M . hasManufacturer

Isa 1864 Mustang |

Yo /8 typeOf

< Resource .
—> Resourc foeos MPstampol VINI234 | o
Property Value )

sa
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What Does OWL Add?

A More Semantic Expressiveness

I Relations between classes
AEquiv. Clags.g., US_President and PrincipalResidentofWhiteHouse)
ADisjoint Clags.g., Male and Female)

I Complex ClasséstersectionOf, unionOf, complementOf)
I Property characterisfiogerseOf, transitive, symmetric, etc.)
I Cardinality constra(ets., birthMother has exactly one value)

A Ablility to combine facts and makirences

Given... And... Can conclude...
T O

spouseOf spouseOf

l rdf:type

SymmetricProperty

12



From XML to OWL

Increasingly Expressive Options for Web Data Markup

XML RDF and RDF Schema
Issue addressediow to express data in text? Issue addressediow can data support statements?
XML Solutiom wr ap 6 dat a wi thi n RBFtSalutibrusé aaudjéce praperty, abpastern
and empower users to create their own tags Example:
Start tag End tag y
v ¥ <Fighter rdf: I|D=AF
<altitude>1500 feet</altitude> . | y<altitude>50,000 feet</altityde>
% - |J Properties==__ <puilder>Lockkeed</buildef>
. Y </Fighter> .
Unconstrained text strlng[.
aftitude element Nvalues
XML Schema (XMLS) OWL
Issue addressediow should the type structure of Issue addressediow to express data semantics?
the data be expressed? OWL Solutioruse inheritance and a description log
XML Schema SolutiodML templates to express restrictions and describe entailment
Example: Example:
<el ement name=fa| tiitudet wtly Ca =afsisntredger /=X Fi ¢
_ - <rdfs:subCl ass Of rodf
YT </owl:Class> ;
altitude is constrained to be an integer < —
Y
Fighter class: a Fighter inherits properties type offA
HTML. XML & XMLS RDF~ OWL ) &
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DAML Program Elements

A Web Ontology Language (OWL) (2/10/04)

o 1 Enables knowledge representation and
tractable inference in a web standard format

o 1 Based on Description Logics and RDF

A OWL Reasoning Languages
o | SWRLand SWRDL: Supports business P

rules, policies, and linking between distin
OWL ontologies

I OWL/P Proof Language: Allow,
components to exchange ¢

i OWL/T Trust Langua - OT\:\{;/tT:
OWL and SWRL '
A Semantic
o 1 Completed standards process
0 u& Started standards process
S and shows how to Unfinished
se web services
OWL Each DAML Program Element includes
"~ specifications, software tools, P
o ! www.Semwebcentraleorgyww.daml.org coordination teams, and use cases
o A Several US Govt pilots and prototypes e


http://www.semwebcentral.org/
http://www.daml.org/

The Semantic Web in 2009

Namespaces

Unicode

Mature

NnNThe Famous Semanti c \We

|
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The Semantic Web in 2009

16

NThe

S h
O e '
1 =g
o OWL q 5
Pl D) -
g g
Commercial
W)
RDF Schema Cutting
RDF Core Edge

Famous Semanti c V)V,e

|
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The Semantic Web in 2009

Trust
Proof
Logic
framework Active Research
and Standards
Rules Activity
DLP bit of OWL/Rul

nNThe Famous Semanti c We
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The Semantic Web in 2009
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Trust
Proof
Logic
framework M & Active Research
1 =8l & and Standards
g DLPbitofOWLRU R ™ -
e ommercia
RDF Schema Cutting
RDF Core Edge

_ Mature

NnNThe Famous Semanti c \We
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Completing the Semantic Web Picture

Scalable Trust Description LP
Reasonin |
Systen:Sg — SWRL, SILK RuI;S
. Logic
Combined
RDF/OWL and Hamewors q = : I_IF;JSIS dB o O]
_| S B ata
RDBMS System o OWL Rules L % A
3 - 2
4 More OntOIOgies Q. DLP bit of OWL/Rul C ial
L RDF Schema oM eTe
Tz_ag Systems Cutting
M!croformats | RDF Core Edge
\Soual Authorshig
Mature

Unicode

Other Technologies Impact the Semantic Web _ <

.
-
SN
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Beyond RDF and OWL: 2009 Semantic Web Infrastruct

Server Infrastructure Userayer Tools
A Markup Languages A Vocabularies and Design Tools
I HTMHriendly markup dialects: I Ontologies: Dublin Core, FOAF, SIOC...
Microformats and RDFa T Op ensSour ce: Prot ®
T OWL 2 is a Candidate Recommendati T Commercial: TopBraid Composer’ Knoo
A TrlpleStoreS and SPARQL Servers A Semweb Data Generation
i Stores for 1B triples now available, thc i RDF / RDBMS frentds
with caveats around write performance i NLP parsers into OWL
I Commercial: AllegroGraph, Virtuoso, . -
BigOWLIM, Oracle 11g Semantic ! Zeman’&_a ype€ sl egger g
Technologies... i Semantic wikis
! Open Sou_rce: 4Store, Sesar_ne, Redlal . Semweb Data Exploitation
I Next step is parallel web delivery
architectures I Semweb search engines (Sindice, Wats:
Falcon...)
A Entity Name Service (Okkam, DBpedi I \S(ﬁ%%% tSSearchMonkey/ Google Rich
A Semantic Web Reasoners I Browser extensions and facets

I Commercial: Oracle 11g RDFS/OWL A : .
engine, Ontobroker, Ontotext, RacerP1 A Visualization Tools

i Open Source: Pellet, FaCT++... I Simile Projed¢tt{p://simile.mit.edu/
i RIFis at W3C Last Call status i Several Commercial Companies

|

25
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http://simile.mit.edu/

State of Semantic Web Work in the US

A DAML finished in 2005, with no followons .
I PAL/CALO funded broader semantic/Al work

A But... leadingdge Venture Capital moved in \'L T AWE B
I Vulcan, CrosslinkHTel, Benchmark, Intel Capital... ’

A An emerging commercialization ecosystem
I Startup/Small: Radar, Metaweb, Evri, AdaptiveBlue...
I Midsized: Metatomix, Dow Jones, Reuters/OpenCalais, Fra
I Large: Yahoo!, Google, Oracle, IBM, HP, Microsoft...
I Semantic web meetup groups in Silicon Valley, Boston, Seattle...

I That was where the money was
" RDBMS scale and orientation, powerful analytics for Business Intellige
' Centralized workflows for ontology definition and management

A Emphasis is mostlgemantiadimension of Semantic Web
|
|
|
I Use cases surrounding corporate data integration and document gafk

|
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Semantic Web Work in the EU

A Continuing Large Publi®ector Investments
I Framework 6 (2684 More thatlOOM in

several different programs |
I Framework 7 (2603)i ~UlB/year for information and %
communications technologies 2007 - 2013

A Semantics is more present as a general systems technology
A Future Internet and Digital Libraries thrusts

A Two Dedicated Mudlite R&D Institutes m e
I DERI: 100+ people and the world leader in research
I Semantic Technology Institute International "

I A strong and growing cadre of graduate students

A Emphasis on thBocialandWebDimensions of the Semantic We
I Webscale Linked Data, social networks, simple scalable imperfect infel
I Ontology and data dynamics, imperfections, versioning

I Semanticaiyoosted collaboration with limited knowledge engineer invol
|

Clear R&D leadership but lags in commercialization )i

|
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Talk Outline: The Maturing Semantic Web

A The Origins of the Semantic Web r&“
I DARPAOs DAML Progr a

I RDF, OWL, and the Semweb Infrastructurg

@

—)> A Semantic Web Evolution to 2009 W% .ox
I Three Generations of Semantic Dreams N\,
I Markets and Companies

A The Fourth Generation
T A Scalable Revolution

-
1!’

1

-

|
23 VULCAN p»



Evolving Conceptions for the Semantic Web

Initial Semantic Web Conception* The Semantic Web in 2009

~

A Semantic markup would be tightly A The Web is a publishing platform for

associated with individual web pages formal knowledge as well as pages
i ATransl ate the We I Semantic data does
i RDFa shows this is still a powerful visi associated with HTML web text (just a U
I Huge numbers of knowledge publishers
A Core problem is labeling frext web i Simple RDF and/l:sameAs links
pages with a (pr@efined) ontology
markup vocabulary A Core problem is maintaining a set of

i Entity extraction and other lightweight evolving and partial agreements on
i Document segmentation technologies semantic models and labels

i Manual annotation I Consensus is a human social problem
I There will be massive numbers of
A Need an a#ncompassing ontology or overlapping ontologies and class
set of logically compatible ontologies hierarchies, and lots of bad data
I Hard problem is ceffectively
A Small number of knowledge engineer: maintaining semantic models and labelir
do semantic annotation because the data
modeling problems are so hard . . .
: Knov%lgdge engineers rarely get markt Supplemental semantics is carried in
right because t he the freetext web rt
|
* By most people but not Tim Beewers )
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First Generation Semantic Web Applications

SemanticalNBoosted Search and Classification

A A really old problem type
I Semantics as the keystone technology for unstructured Information Retrieval

I Requires powerful NLP and document interpretation systems
A Often also requires powerful semantic representations (e.g., events or causality)
A Can use semantic web KR but usually augments it

A Market Segments and Players
i Enterprise Document Management (EDM) and search systems
i Emall autoclassifiers and inbox managers
I Web question answering: Hakia, Powerset, TrueKnowledge, Cycorp (inCyc)...
I Semantics for Search Result Enhancement: Yahoo! SearchMonkey

A Some lessons with applying semantic web technology in this space

i Still waiting for a compelling match between technical capability and business

A Statistical methods are surprisingly good for basic relevance scoring (e.g., Latent Se
Indexing, PageRank)

A Verticals (esp. pharma) have seen some success

I Semantic processing is only a small differentiator in theSgoudraeesto -
be great at nonsemantic queries, data import, crawling, storage, performagce.

25 VULCAN p»



First Generation Examples: Powerset and Yahoo! SearchMonke

A Powerset: Natural language consumer search
I Web crawling, keyword indexing, relevance ranking
High performance for-a@de commercialization

.

i Parsing of web page text v X

I Question answering with Wikipedia text and Freebase
AQuestions | i ke fAiWhat did MiPowerseto f

did Steve Jobs say about the 1T rod
A No standard corpora to evaluate performance

I Acquired by Microsoft in June 2008
i Powersetdos semantic knowl edge i

AYahoo! SearchMonkey (see al:
I GreaseMonksyyle web reformatting for search
I ' YahooOs crawler I ndexes and I nt
I Display URL as an enhanced result, with standard or custom presenta
Il ncentives: NStructured data 1

Alex Moskalyuk on Facebook
Add friend | Poke | Send message | Wiew friends

Alex Moskalyuk is on Facebook. Mot the Alex Moskalyuk you were looking -

|-
for? Wisit Facebook to search for friends, family, coworkers, i =
weerw facebook.com/people/Alex-Moskalyuk/S00013218 - S

26 o VULCAN p»




Second Generation Semantic Web Applications

Strategic Enterprise Information Technology

A An only slightly newer problem type

I Business exploitation of structured enterprise data (RDBMS, Spreadsheet, ER
A Backwards to Data Management to reduce cost of managing, migrating, integrating
A Forwards to Business Process Management

I Support for unified query, analytics, and application access
A Includes SOA integration, Enterprise Application Integration

A Markets Segments and Players

I Gartner estimates that Ell software and services alone is $14B/year, with 40%
over 5 years (mexression numbers, though)

I Very complex market space includes EAI, Entity Analytics, MDM, Bl, BPM, CF
I Huge entrenched players (IBM, SAP, Oracle...) and major consulting shops

A Some lessons with applying semantic web technology in this space
I Fundamental problem is understanding the semantics from legacy systems, n
I Pure Semantic technology companies tend to be unsophisticated about the cu
I RDF/OWL is typically too weak and must be augmented by rules, quantities, e
I Raw performance is typically inferior tdesigaelkd RDBMS -
|

Tends to be an IT sale (notatlBesiness sale), with attendant cost pressure)' s
27 VULCAN p»



Semantic Technology in Enterprise Strategic IT

Semantic data mode1’rng—

v

Automatic data managengent MDM Master Data Managerment
A

\ 4

4

Ell- Information integration leadefship

\ 4 Y
Bl-- Better business intelligelﬁee—

A 4

Financial modeling & intelligefes

A\ 4

Semantic process mod

HAE)

\ 4

BAM and CPM w/ predictive ana

y

A Sales Pitch for Semantic Data Models
I Promoté@exibilitgndimprovisation the face of dynamism
I Expose business processes as rules, for governance and compliance
I Can be driven all the way through the architecture, from SOA to CPM dashhgs

-

A This vision has never been proven at scale outside the lab ) -
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Second Generation N@emWeb Example: Wolfram Alp

3% Wolfram

A Alphais a computational engine, not a search engine
I Ultracalculator (Mathematica) combined with a massive almanac
I Exampl e: AHei ght of Mt. Everest di v
I Similar to Googleds speci al comput a
i Di splays the solution results wusing
A Alpha includes 100s of manually integrated and curated data sources

I Topic coverage includes products, people, science, cooking, weather, travel, t
geography, music, chemistry, astronomy, physics, etc.

I Builds on the labor of >100 people over two years, who in turn built on 20 yeat
Mathematica

I NLRdri ven froniti le@ad ssyhham Aquery

>

Al phados strength I s representing
entities found in databases

I These semantics are extremely deep and go beyond what is expreSS|bIe)n o)

o.‘
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Third Generation Semantic Web Applications

Web 2.0 and the So&emantic Web

A A new problem type

I nSemantic Web should all owi Alexdskolde t
AdaptiveBlue

I Enhance the human activities of content creation, publishing, linking my data t
data, socializing, forming community, purchasing satisfying things, browsing, €

I Improve the effectiveness of advertising n Adaptiv;ewglsng

A Market Segments and Players
I Mashup systems and consaneted semantic web services (Drupal, Ning, ...)
I Semantic enhancements to blogs and wikis (Zemanta, Faviki, Ontoprise, Rade

I Semantics for Social Networking (MySpace RDF service and microformats, Fe
RDF models, etc.)

A Some lessons with applying semantic web technology in this space
i I'f we donot have semanti c convergen

I No one really knows the design principles that allow some Web 2.0 sites to be
successful and others to never get traction P

);.
p -
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Third Generation Example: Semantic Wikis

A Wikis are tools fd?ublicatiorandConsensus

A MediaWiki (software for Wikipedia, Wikimedia, Wikibooks, etc[);
I Most successful Wiki software

A High performance: 10K pages/sec served, scalability demonstrated MedICIWIkI
A LAMP web server architecture, GPL license Because ldeas want o be free.

I Publication: simple distributed authoring model

A Wikipedia: >2.9M English articles, 400K Russian, >2.5M images, #8 Alexa traffic ran}
I Consensus achieved by global editing and rollback

A Fixpoint hypothesis, although consensus is not static

A Gardener/admin role for contentious cases

A Semantic Wikis apply the wiki idea to structured (typically RDFS) informatio
I Authoring includes instances, data types, vocabularies, classes
i Natural language text used for explanations
I Automatic list generation from structured data, basic analytics, database import:
I Reuse of wiki knowledge
I See e.ghttp://smwforum.ontoprisefoowne powerful semantic wiki

Semantic Wiki Hypotheses:
(1) Significant interesting Semantic Data can be collected cheaply
. (2) Wiki mechanisms can be used to maintain consensus on vocabularies and

LA S = ST



http://smwforum.ontoprise.com/

An Example of Semantic MediaWiIki

Yulcan Project Wiki

History View source annotate Discussion

Personal tools

. Main Page
Log in
Navigation Welcome to Vulcan Project Wiki: The place to host our Semantic Wiki related research and development ideas,
o plans, schedules, and documents -- All Information Management in one place = AIM :-)
WikiTag
Main Page Rated ltems
Recent changes o
L
Random page Wiki Taq
L DT Projects
Query Interface Project Project sponsor X Project manager Project start date X Project close date
Ontology Wiki Tag Project Halo Jesse 18 August 2008 15 April 2009

Categories

all Milestones Team members

. MName Current project Professional level
&ll Stories
Max @ 3
All Tasks Ben Duncan Wiki Tag
Developers
All Bugs = =on=s R
lesse Wiki Tag
All Status Reports Justin 2009-05-07
= Justin Fhang Wiki Tag 1
" - Mark Greaves Project Halo
ew -tory Ming Hu Wiki Tag 3
Mew Task Project managers

F W
32 VULCAN p»r



National Institutes for Health Cancer Thesaurus

|

Vi
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