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Web 3.0

Web 2.0

Web 1.0

• ← People, Environments 
and Machines

• → People, Environments 
and Machines

• ← Distributed Human 
Communities

• → Distributed Human 
Communities

• ← Individuals or Local 
Teams

• → Individuals



People

•Knowledge in minds

•Transfer by speech, sketches

•Knowledge in minds

•Transfer by speech, sketches

Texts

•Knowledge in books

•Transfer by visiting libraries, public readings

•Knowledge in books

•Transfer by visiting libraries, public readings

Texts 2.0

•Knowledge in mass market books, films, newspapers, journals, television, radio

•Transfer by replication, broadcast

•Knowledge in mass market books, films, newspapers, journals, television, radio

•Transfer by replication, broadcast

Web 1.0

•Knowledge in Web pages, pdf/ps files, passive DBs, some audio

•Transfer by authoring then browsing, searching 

•Knowledge in Web pages, pdf/ps files, passive DBs, some audio

•Transfer by authoring then browsing, searching 

Web 2.0

•Knowledge in fluid constructs (wikis, complex evolving DBs/RDF stores, blogs, social network pages) , 
web services across all media, distributed across many sites.

•Transfer by collaborative construction, active notification, alerts, SMSs, social notification,  mash-ups …

•Knowledge in fluid constructs (wikis, complex evolving DBs/RDF stores, blogs, social network pages) , 
web services across all media, distributed across many sites.

•Transfer by collaborative construction, active notification, alerts, SMSs, social notification,  mash-ups …

Web 3.0

•Knowledge understood by the web (KBs, probabilistic KBs, semantically enhanced texts, DBs, services)

•Transferred by assistive, cooperative software that understands users needs, desires, limitations, and 
assembles/derives the right knowledge services

•Knowledge understood by the web (KBs, probabilistic KBs, semantically enhanced texts, DBs, services)

•Transferred by assistive, cooperative software that understands users needs, desires, limitations, and 
assembles/derives the right knowledge services
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What’s it for?



http://ws.opencyc.org/webservices/concept/find?str=shipping%20container

Logistics



Logistics





Valve Surgery







CURE: Content 

U

R

CURE: Content 

Understanding, 

Review or Entry



Relevant 

questions 

found using 

inference

Relevant 

questions 

found using 

inference



Relevant 

questions 

found using 

inference

Relevant 

questions 

found using 

inference



Answers 

understood 

using NLP 

and KB 

content

Answers 

understood 

using NLP 

and KB 

content



Answers 

understood 

using NLP 

and KB 

content

Answers 

understood 

using NLP 

and KB 

content



Using KB 

content 

from 

Using KB 

content 

from CURE



Leaders of organizations that operate in 
Gaza and have killed Israelis





incyc.cyc.com



Platform for infinitely 

scalable reasoning on the

web

Knowledge representations,

inference methods, KA tools,

for broad domain reasoning



•
•
•
•

• Where is the traffic moving
• Is public transportation where people are
• Which location attracts most people right now
• Is public transportation where people will be

Use Case: City on-line

• Our cities face many challenges 

• Urban Computing
is the ICT way to 
address them

Is public transportation where the people are?Is public transportation where the people are?

Which landmarks attract more people?Which landmarks attract more people?

Where are people concentrating?Where are people concentrating?

Where is traffic moving?Where is traffic moving?

improve the quality of life

Personal:
Will I be late for my 9:45am talk?

Can I stop at my 

Should I drive, take bus, or metro?

Take an umbrella?

Personal:
Will I be late for my 9:45am talk?

Can I stop at my favourite café?

Should I drive, take bus, or metro?

Take an umbrella?



Use case: Drug Discovery

• Problem: pharmaceutical R&D in early clinical 

development is stagnating

(Q1Q2Q3)

FDA white paper Innovation or Stagnation (March 2004):

“developers have no choice but to use the 
century

“industry scientists often lack cross
entire product area, or information about techniques that may  be 
used in 

FDA white paper Innovation or Stagnation (March 2004):

“developers have no choice but to use the tools of the last 
century to assess this century's candidate solutions.” 

“industry scientists often lack cross-cutting information about an
entire product area, or information about techniques that may  be 
used in areas other than theirs”

“Show me any potential liver toxicity associated with the 
compound’s drug class, target, structure and  disease.”

Show me all liver toxicity 

associated with the target 

or the pathway.

Genetics

1Q

“Show me all liver toxicity 

associated with compounds 

with similar structure”

Chemistry

2Q

“Show me all liver toxicity 

from the public literature and 

internal reports that are related 

to the drug class, disease and 

patient population”

LITERATURE

3Q

Current: linking but no inference



February 14, 2007

28

“Who had an endovascular stent placement 
on their thoracic aorta at CCF’s main campus 
between June, 2002, and May, 2004?”



Semantic Web 1.0



Very specific information
(some indirect, via SKSI)

Upper
Ontology

Core
Theories

Domain-Specific
Theories

EVENT  TEMPORAL-THING  PARTIALLY-TANGIBLE-THING

( a, b ) a  EVENT  b  EVENT 
causes( a, b )  precedes( a, b )

( m, a ) m  MAMMAL  a  ANTHRAX     • 
causes( exposed-to( m, a ), infected-by( m, a ) )

(ist FtLaudHolyCrossERCase#403921
(caused  CutaneousAnthrax

(SkinLesions Ahmed_al-Haznawit)))

First Order Predicate Calculus: unambiguous; enable mechanical reasoning

Every American has a president.
Every American has a mother.
Every American has a president.
Every American has a mother.

y.x.  Amer(x)  president(x,y)


y.x.  Amer(x)  president(x,y)
x.y.  Amer(x)  mother(x,y)

Higher Order Logic:  contexts, 
predicates as variables, 
nested modals,  reflection,…



•(isa ASBFinancialCorp PubliclyHeldCorporation)

•(corporateOfficers ASBFinancialCorp GeraldRJenkins)

First Order

•In Mt : FinancialTransactionMt

(relationAllExists performedBy RepurchaseProgram PubliclyHeldCorporation)

With Context

•In Mt: FinancialTransactionMt

(forAll ?X   (implies

(isa ?X RepurchaseProgram)

(thereExists ?Y (and  (isa ?Y PublicallyHeldCorporation)  (performedBy ?X ?Y))))) 

Rule

•(implies
(and  (isa ?SET Set-Mathematical) (cardinality ?SET 1) (elementOf ?THING ?SET))      
(equals ?SET  (TheSet ?THING)))

Second Order

•(beliefs Israel (relationInstanceExists possesses Syria ClusterBomb))

Modal

•(opaqueArgument beliefs 2)

Meta
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ThingThing

Intangible

Thing

Intangible

Thing
IndividualIndividual

Temporal

Thing

Temporal

Thing

Spatial

Thing

Spatial

Thing

Partially

Tangible

Thing

Partially

Tangible

Thing

PathsPaths

Sets

Relations

Sets

Relations

Logic

Math

Logic

Math

Human

Artifacts

Human

Artifacts

Social

Relations,

Culture

Social

Relations,

Culture

Human

Anatomy &

Physiology

Human

Anatomy &

Physiology

Emotion

Perception

Belief

Emotion

Perception

Belief

Human

Behavior &

Actions

Human

Behavior &

Actions

Products

Devices

Products

Devices

Conceptual

Works

Conceptual

Works

Vehicles

Buildings

Weapons

Vehicles

Buildings

Weapons

Mechanical

& Electrical

Devices

Mechanical

& Electrical

Devices

Software

Literature

Works of Art

Software

Literature

Works of Art

LanguageLanguage

Agent

Organizations

Agent

Organizations

Organizational

Actions

Organizational

Actions

Organizational

Plans

Organizational

Plans

Types of

Organizations

Types of

Organizations

Human

Organizations

Human

Organizations

Nations

Governments

Geo-Politics

Nations

Governments

Geo-Politics

Business, 

Military

Organizations

Business, 

Military

Organizations

LawLaw

Business &

Commerce

Business &

Commerce

Politics

Warfare

Politics

Warfare

Professions

Occupations

Professions

Occupations

Purchasing

Shopping

Purchasing

Shopping

Travel

Communication

Travel

Communication

Transportation

& Logistics

Transportation

& Logistics

Social

Activities

Social

Activities

Everyday

Living

Everyday

Living

Sports

Recreation

Entertainment

Sports

Recreation

Entertainment

ArtifactsArtifacts

MovementMovement

State Change

Dynamics

State Change

Dynamics

Materials

Parts

Statics

Materials

Parts

Statics

Physical

Agents

Physical

Agents

Borders

Geometry

Borders

Geometry

Events

Scripts

Events

Scripts

Spatial

Paths

Spatial

Paths

Actors

Actions

Actors

Actions

Plans

Goals

Plans

Goals

TimeTime

AgentsAgents

SpaceSpace

Physical

Objects

Physical

Objects

Human

Beings

Human

Beings

Organ-

ization

Organ-

ization

Human

Activities

Human

Activities

Living

Things

Living

Things

Social

Behavior

Social

Behavior

Life

Forms

Life

Forms

AnimalsAnimals

PlantsPlants

EcologyEcology

Natural

Geography

Natural

Geography

Earth &

Solar System

Earth &

Solar System

Political

Geography

Political

Geography

WeatherWeather

General Knowledge about Various DomainsGeneral Knowledge about Various Domains

Specific data, facts, and observationsSpecific data, facts, and observations



 isa 596215

 genls 99198

 disjointWith 6114 

 resultIsa 4277

 resultGenl 1206 

 argIsa 35617

 argGenl 5398 

 arg1Isa 16748

 arg1Genl 2354 

 arg2Isa 14114

 arg2Genl 2283 

 arg3Isa 3486

 argFormat 5493 

 arg2Format 3320

 functionalInArgs 1427

 arity 16416

 arityMin 958

 comment 57305

 genlPreds 7440 

 negationInverse 990 

 genlMt 26078

 denotationInEnglish 409745 

 synonymousExternalConcept
13916



 OpenCyc  (www.opencyc.org)
◦ The Cyc Ontology made 100% freely available 

(yes, 100% free even for commercial purposes)

◦ Available for download on SourceForge and on 
opencyc.org

◦ Over 30,000 accesses

 ResearchCyc (researchcyc.cyc.com)
◦ OpenCyc + millions of hand-engineered assertions

◦ Free for R&D purposes 

◦ Current users: 300 research groups (about 1/2 
academic)

http://www.opencyc.org/


already many billions of facts

Assertion Count Scale

rapidly growing Linked Open Data cloud.



I swam, pushed forward by time
and current, and when I was 
almost 
and discovered myself in water 
that was not deep
o'clock in the nightfall, I got to 
the edge of the sea and walked 
for nearly half a mile without 
seeing any houses. Too tired to go 
father, I got down on my back in 
the grass, which was very short 
and soft. There I slept soundly till 
morning.

I swam, pushed forward by time
and current, and when I was 
almost put to an end, I saw land, 
and discovered myself in water 
that was not deep. At about eight 
o'clock in the nightfall, I got to 
the edge of the sea and walked 
for nearly half a mile without 
seeing any houses. Too tired to go 
father, I got down on my back in 
the grass, which was very short 
and soft. There I slept soundly till 
morning.

Put into Basic English by the Basic English Institute
http://ogden.basic-english.org/lilliput.html

850 words: 600 nouns, 150 adjectives, 
100 syntactic operators

Basic English: A General Introduction with Rules and 
Grammar.
Ogden, Charles Kay. Small format, hardcover. 
Publisher: Paul Treber & Co., Ltd. London, 1930. 

Time the Storm was much abated. The Declivity was 

I lay down on the Grass, which was 

For my own Part, I swam as Fortune directed me, 
and was pushed forward by Wind and Tide. I often 
let my Legs drop, and could feel no Bottom: but 
when I was almost gone, and able to struggle no 
longer, I found myself within my Depth; and by this 
Time the Storm was much abated. The Declivity was 
so small, that I walked near a Mile before I got to 
the Shore, which I conjectur'd was about eight a-
clock in the Evening. I then advanced forward near 
half a Mile, but could not discover any sign of 
Houses or Inhabitants; at least I was in so weak a 
Condition, that I did not observe them. I was 
extremely tired, and with that, and the Heat of the 
Weather, and about half a Pint of Brandy that I 
drank as I left the Ship, I found myself much 
inclined to sleep. I lay down on the Grass, which was 
very short and soft, where I slept sounder than ever 
I remember to have done in my Life, and, as I 
reckoned, above Nine Hours; for when I awakened, 
it was just Day-light.

http://www.jaffebros.com/lee/gulliver/bk1/chap1-1.html

Travels into Several Remote Nations of the World,  in Four 
Parts. By Lemuel Gulliver, First a Surgeon, and then a Captain of 
several Ships, Jonathan Swift, London, Benj. Motte, 1726



Can it be removed by pulling, if 
enough force is used, without 

damaging either object?

– No -- Try #$in-Snugly

or #$screwedIn

Is it attached to the 
inside of the outer object?

– Yes -- Try
#$connectedToInside

Does the inner object
stick into the outer object?

–Yes – Try
#$sticksInto

Cycorp © 2007



 Does part of the inner object
stick out of the container?

◦ None of it.  

#$in-ContCompletely

◦ Yes 

#$in-ContPartially

◦ No  

• #$in-ContClosed

◦ If the container were 
turned around could 
the contained object 
fall out?

Yes 

#$in-ContOpen

Cycorp © 2008



 Does part of the inner object
stick out of the container?

◦ None of it.  

#$in-ContCompletely

◦ Yes 

#$in-ContPartially

◦ No  

• #$in-ContClosed

◦ If the container were 
turned around could 
the contained object 
fall out?

Yes 

#$in-ContOpen

Cycorp © 2008



Can it be removed by pulling, if 
enough force is used, without 

damaging either object?

– No -- Try #$in-Snugly

or #$screwedIn

Is it attached to the 
inside of the outer object?

– Yes -- Try
#$connectedToInside

Does the inner object
stick into the outer object?

–Yes – Try
#$sticksInto

Cycorp © 2007
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#$TransportationEvent

#$ControllingATransportationDevice

#$TransportWithMotorizedLandVehicle

(#$SteeringFn #$RoadVehicle)

#$TransporterCrashEvent

#$VehicleAccident

#$CarAccident

#$Colliding

#$IncurringDamage

#$TippingOver

#$Navigating

#$EnteringAVehicle …



45

#$performedBy

#$causes-EventEvent

#$objectPlaced

#$objectOfStateChange

#$outputsCreated 

#$inputsDestroyed

#$assistingAgent           

#$beneficiary

#$fromLocation

#$toLocation

#$deviceUsed

#$driverActor

#$damages

#$vehicle

#$providerOfMotiveForce

#$transportees …

Over 400 more.



46



Existing Cyc content is large, but 
knowledgeable systems must give 
proactive, constant, accurate support 
to all: Needs very broad coverage 
and high accuracy.

Existing Cyc content is large, but 
knowledgeable systems must give 
proactive, constant, accurate support 
to all: Needs very broad coverage 
and high accuracy.



Web 3.0 Systems start from Web 2.0-
style learning. 

Acquire ground facts, test rule 
inferences.

Another CURE example.

Web 3.0 Systems start from Web 2.0-
style learning. 

Acquire ground facts, test rule 
inferences.

Another CURE example.



http://www.foxnews.com/story/0,2933,322785,00.html









Leaders of organizations that operate in 
Gaza and have killed Israelis





ReviewReview

QueryQuery

SearchSearch

Consistency & VerificationConsistency & Verification

+

Cyc    KB

Inference

“George Washington, cofounder
of the United States…”

→
(
UnitedStatesOfAmerica

“George Washington, cofounder
of the United States…”

→
(foundingAgent GeorgeWashington
UnitedStatesOfAmerica) 

ParseParse

Fact Gathering & VerificationFact Gathering & Verification
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Query

“What are symptoms of Whooping Cough?”

( )

“What are symptoms of Whooping Cough?”



(symptomOfAilment WhoopingCough ?SYMP )

NL Generation

“A symptom of whooping cough is ___”

“Whooping cough can cause ___”

“A symptom of 

“Symptoms (such as ____) of whooping cough”

“A symptom of whooping cough is ___”

“Whooping cough can cause ___”

“A symptom of Pertussis Bordetella is ___”

“Symptoms (such as ____) of whooping cough”

Partial English sentences



“… symptoms of 
pertussis such as fever 
and a dry cough …”

Looking for something that matches the 

argument constraints on the predicate…

(symptomOfAilment WhoopingCough Fever)

(symptomOfAilment WhoopingCough Coughing-AilmentCondition)

Parse back into 

existing CycL concepts



• Explicitly: perform one 
step of inference to 
throw out facts  
inconsistent with KB

• Implicitly: don’t even 
look at things that 
don’t match argument 
constraints

Throw out 
provably wrong
answers

Skip already 
known
(provably right) 
knowledge 



On Review of 114 results
•61 “verified” sentences

•53 “rejected” sentences (randomly chosen)

Facts categorized correctly: 68%
•True and successfully verified: 28%

•False and successfully rejected: 40%

Facts categorized incorrectly: 32%
•False positives (false but verified): 25%

•False negatives (true but rejected): 7%

True & Verified

False & Rejected:

False, but Verified

True, but Rejected

Data Cyc could 

have got but 

didn’t—not so bad.
Incorrect data Cyc 

now believes. That 

is bad. NL is noisy.



+-------------------------------------------Xp-------------------------------------------+ 

+------------Wd------------+           +--------------------MVp---------------------+    |

|        +--------A--------+           |         +------Jp-----+----Mp----+         |    | 

|        |      +--G--+--G-+--Ss--+---Os---+--Mp-+    +--Dmcn--+     +N Sa+    +-Js-+    |

|        |      |     |    |      |        |     |    |        |     |    |    |    |    |

LEFT   Royal.a Dutch Shell Plc halted.v output.n of 455,000 barrels.n a  day.p in Nigeria .

(#$and (#$isa (#$TheFn #$DecreaseEvent) 
(#$DecreaseInValueReturnedByFn (#$ExportRateOfByFn #$Petroleum-CrudeOil) #$Nigeria)) 

(#$doneBy (#$TheFn #$DecreaseEvent) #$RoyalDutchShell) 
(#$quantityChangeAmount (#$TheFn #$DecreaseEvent) (#$BarrelsPerDay 455000)))

+-------------------------------------------Xp-------------------------------------------+ 

+------------Wd------------+           +--------------------MVp---------------------+    |

|                          +           |         +------Jp-----+                    |    | 

|              +-----------+--Ss--+---Os---+--Mp-+             +               +-Js-+    |

|              |                  |        |     |             |               |    |    |

LEFT   [Agent]            halted.v output.n of [Quantity]         in  [Locn] .

(#$and (#$isa (#$TheFn #$DecreaseEvent) 
(#$DecreaseInValueReturnedByFn (#$ExportRateOfByFn #$Petroleum-CrudeOil) [Locn])) 

(#$doneBy (#$TheFn #$DecreaseEvent) [Agent]) 
(#$quantityChangeAmount (#$TheFn #$DecreaseEvent) [Quantity]))

Petróleos de Venezuela S.A. halted output of 760 000 barrels a week in Maracaibo.

(#$and (#$isa (#$TheFn #$DecreaseEvent) 
(#$DecreaseInValueReturnedByFn (#$ExportRateOfByFn #$Petroleum-CrudeOil)      

#$CityOfMaracaiboVenezuela)) 
(#$doneBy (#$TheFn #$DecreaseEvent) #$PetroleosdeVenezuelaSA
(#$quantityChangeAmount (#$TheFn #$DecreaseEvent) (#$BarrelsPerWeek 760000)))



Wikipedia

Page 
Download

Sentence 
Extractor

EBMT Parser

Semantic 
Checker

Success

No page foundNo page found Hypothesis not 
logically consistent

Uninformative
sentence

Unable to parse

(#$genls        
#$Polygraph 
#$Device-
Physical)

… Klingberg contacted the USSR
for the first time in 1957, and
soon after that he started his
espionage activity. Israel's foreign
and domestic intelligence
agencies, Mossad and Shin Bet,
started suspecting Klingberg of
espionage, but shadowing brought
no results. At one point, the
scientist also successfully passed

the polygraph test…

Device-Physical

Polygraph

genls






