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Talk Outline: The Evolving Semantic Web

ÂUS Semantic Web R&D 

ïDARPAôs DAML Program

ÂSemantic Web Evolution to 2008

ïThree Generations of Semantic Dreams

ïMarkets and Companies

ÂThe Fourth Generation

ïA Scalable Revolution
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Preliminaries on US Computer Science Funding

Â Major US Funding Organizations for Information Technology R&D
ïUS National Science Foundation ïmainly individual professors

ïDepartment of Energy Office of Science ïlarge-scale scientific computing

ïDepartment of Defense ïDARPA, AFRL, ARL, ONR

Â DARPA = Defense Advanced Research Projects Agency
ïLong Range R&D Organization of the US Department of Defense

ÅEstablished 1958 as a US response to the Soviet launch of Sputnik

ÅPursues high-risk, high-payoff basic and applied research with military application

ïChartered to Prevent Technological Surprise

ïRecent budgets are $3-3.5B/year across all efforts and scientific disciplines

Â DARPA is the major source for large-scale AI research funding in the US

Â Lightweight organizational model

ïñ120 Program Managers with a common travel agentò

ïNo dedicated facilities beyond simple office space

ïProgram Managers have a greater degree of operational control than EU Project Officers

ïhttp://www.darpa.milhas current programs, solicitations, lists, areas of interest

http://www.darpa.mil/
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At the End of the 90s: Traditional KR and the Google Property

ÂWe seek KR systems that have the òGoogle 
Property:óthey get (much) better as they get bigger
ïGoogle PageRankÊ yields better relevance judgments as 

it indexes more pages
ï1990ôs KR&R systems have the antithesis of this property

ÂSo what are the components of a scalable KR&R 
system?
ïDistributed, robust, reliable infrastructure
ïMultiple linked ontologies and points of view
ÅSingle ontologies are feasible only at the program/agency 

level
ÅMultiple authors and overlapping data sources
ÅPrivate and public knowledge

ïMixture of deep and shallow knowledge
ïTractable reasoning algorithms
ïTolerant KB ïyou are typically doing open-world 

reasoning (no NAF), things go away, contradiction is 
present, data is incomplete and dirty, computing must be 
resource-aware, surveying the KB is not possible
ï(Relatively) easy for non-KEôs to author, validate, and 

maintain

KR&R System Scale

(Number of Assertions

Number of Ontologies/POVs

Number of Rules

Linkages to other KBs

Reasoning Engine Types é)
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Ideal KR&R

KR&R now

KR&R Goals

Scalable KR&R Systems should look just like the Web!!
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The Beginnings of the US Semantic Web:  DARPAõs DAML Program

Solution:
Augment the web to link machine-
readable knowledge to web pages

Extend RDF with Description Logic 

Use a frame-based language design

Create the first fully distributed web-scale 
knowledge base out of networks of 
hyperlinked facts and data

Approach:
Design a family of new web languages

Basic knowledge representation (OWL)

Reasoning (SWRL, OWL/P, OWL/T)

Process representation (OWL/S)

Build definition and markup tools

Link new knowledge to existing web 
page elements

Test design approach with operational 
pilots in the US DoD

Partner with parallel EU efforts to 
standardize the new web languages

People use implicit knowledge to 

reason with web pages

Computers require explicit 

knowledge to reason with web pages

Links via URLs

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

ÂWeb Ontology Language (OWL)  (2/10/04)
ïEnables knowledge representation and 

tractable inference in a web standard format

ïBased on Description Logics and RDF

ÂOWL Reasoning Languages
ïSWRL and SWRL-FOL: Supports business 

rules, policies, and linking between distinct 
OWL ontologies

ïOWL/P Proof Language:  Allows software 
components to exchange chains of reasoning

ïOWL/T Trust Language:  Represents trust that 
OWL and SWRL inferences are valid

Â Semantic Web Services (OWL/S)
ïAllows discovery, matching, and execution of 

web services based on action descriptions

ïUnifies semantic data models (OWL) with 
process models (Agent) and shows how to 
dynamically compose web services

ÂOWL Tools
ïwww.semwebcentral.organd www.daml.org

Â Several US DoD pilots and prototypes

Completed standards process

Started standards process

Unfinished

SWRL: Rules

OWL/P: Proof

OWL/S:

Semantic Web 

Services

Web Ontology

Language (OWL)

OWL/T:

Trust

DAML Program Technical Flow

Each DAML Program Element includes

specifications, software tools, 

coordination teams, and use cases
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http://www.semwebcentral.org/
http://www.daml.org/
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Another Measure of Impact

#2

#3

Google ñdarpaò
on 10/21/04


