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People

•Knowledge in minds
•Transfer by speech, sketches

Texts

•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

Web 1.0

•Knowledge in Web pages, pdf/ps files, passive DBs, directories and lists, 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,  location awareness, 
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
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Mortgage Financing

City Infrastructure
ManagementTracking Scientific
Literature

Patent & Other Rights 
Management

Traffic 
Management

Computer File System
Management

…etc



Human Computer Collaboration 
◦ Vast power: fast communications, near infinite memory, 

computational learning (recommendation, data mining)

Needs infrastructure
◦ Knowledge in machine understandable form
◦ Background knowledge to provide that understanding

Fundamental Change
◦ Much content not stored in human understandable 

form (text, audio, diagrams …) but dynamically 
combined and synthesized.

Belaboring the point: This change starts now.  (Phonebook, 
Rolodex Yelp, 4square, gowalla, twitter local, Siri, FB 
social graph, OdpiralniČasi etc etc).



www.cyc.com/doc/inCyc



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

Logistics







What’s Machine Understandable form really?
and what’s that good for?
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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 
#$in-ContOpen
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#$TransportationEvent
#$ControllingATransportationDevice
#$TransportWithMotorizedLandVehicle
(#$SteeringFn #$RoadVehicle)
#$TransporterCrashEvent
#$VehicleAccident
#$CarAccident
#$Colliding
#$IncurringDamage
#$TippingOver
#$Navigating
#$EnteringAVehicle …



Logistics



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.

∃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





People

Agent Location

Agent Affiliation







Valve Surgery









The Cyc Analytic Environment
Reasoning-based, question answering

User-assisted query understanding



In use at Cleveland Clinic



Web 3.0 Systems start from Web 2.0-
style learning. 

Acquire ground facts, test rule 
inferences.

Knowledge Acquisition with CURE



(generateFormulasForElements-TermIsa PubliclyHeldCorporation
(TheSet stockTickerSymbol))

(generateFormulasForElements-TermIsa CommercialOrganization
(TheSet importantCompany

subOrganizations
mainBusinessActivityOfOrgOccursAt
foundingAgent
incorporatedIn))



Renaissance Artists

Kind of TimeInterval
Noun Form: not plural Kind of Agent-Generic

Noun form

Bronze Age  Farmers

(SubcollectionOfWithRelationToFn
Artist activeDuringPeriod
TheRenaissance)

(SubcollectionOfWithRelationToFn
Farmer activeDuringPeriod
TheBronzeAge)



Yellow Submarine

Sick Child

(SubcollectionWithRelationToFn 
Submarine 
mainColorOfObject 
Yellow)
(SubcollectionWithRelationToFn
HumanChild 
stateOfHealth 
Sick)

Attributive Adjective & Noun

Supporting Lexical Assertions:

(adjSemTrans Yellow-TheWord 0 RegularAdjFrame
(mainColorOfObject :NOUN YellowColor))

(adjSemTrans Sick-TheWord 0 RegularAdjFrame
(stateOfHealth :NOUN Sick))



Richard Cyganiak

already many billions of facts

Assertion Count Scale
rapidly growing Linked Open Data cloud.



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 themIs public transportation where the people are?

Which landmarks attract more people?

Where are people concentrating?

Where is traffic moving?

improve quality of life

Personal:
Should we stay in Milan on the way 
back?
Is there a decent restaurant we can go 
to with the clothes we came with?
Should I take taxi or subway to 
aeroport? Any last things we should see 
on the way? 



Access ground facts, apply rule inferences.

Knowledge Use with CAE





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



TextPrism
Intelligent Information Dissemination



Personalized Information Feeds

TextPrism:
Auto-tagging of text combined with 
Rich user models combined with
Business rules combined with
Inference

Allows us to quickly dispatch the right 
information to the right people



TextPrism: Improved Recall

Goes beyond pure lexical matches
◦ Concepts with multiple lexifications
◦ Generalization hierarchy

Topics of interest are automatically 
inferred from user profile information
◦ Find things the subscriber didn’t know – and 
didn’t have to know -- to ask about



Improved Recall Examples

Subscriber:
◦ Yankees fan
◦ Owns stock in Apple and Verizon
◦ Likes the Grateful Dead
Possible interests:
◦ Jerry Garcia,  Bob Weir, Phil Lesh, … (Greatful Dead members)
◦ Boston Red Sox (Yankees’ rival)
◦ George Steinbrenner (Yankees’ owner)
◦ FCC, Michael J. Copps (Telecom regulatory agency and chair)
◦ iPod, iPhone, MacBook, … (Apple products)
◦ Steve Jobs (Apple CEO)

◦



TextPrism: Improved Precision

Reduce ambiguities
◦ Improve concept identification precision using 
semantic licensing rules

Tighten the matching criteria
◦ Require the co-occurrence of multiple concepts 
when selecting matches



Semantic Licensing Examples

Without considering context, a reference to “Springfield” is 
highly ambiguous:

However, if a state is mentioned, then
references to cities in that state are licensed.

(implies
(and

(isa ?CITY City) 
(geographicalSubRegionsOfState ?STATE ?CITY)) 

(isLicensedBy ?CITY ?STATE))



Semantic Licensing Examples

However, if a state is mentioned, then
references to cities in that state are licensed.



More Precise Matches

Subscriber:
◦ Investor 
Possible Interests:
◦ Paris, Marseille, Lyon, Toulouse , Nice, …

But not all articles about Lyon are 
equally interesting to a tourist.

Tourist care about restaurants, hotels, tourist 
attractions, events, …



More Precise Matches

(implies
(and

(genls ?SPEC RestaurantSpace) 
(interestedInVisiting ?USER ?REGION)) 

(conceptSetPotentiallyInterestingToForDomainBecause ?USER 
(TheSet ?REGION ?SPEC) Travel-TripEvent
(and

(typeIntendedBehaviorCapable RestaurantSpace
EatingEvent eventOccursAt) 

(interestedInVisiting ?USER ?REGION))))

Look for only articles that mention the 
place of interest and a type of restaurant 



Only Restaurants in Marseille

Reviewer : MW - foodie 
Victor Cafe was a real find in 
Marseille - amongst the scores of 
restaurants offering the same old 
dishes, it stands out due to its 
excellent menu …

Category: French -
Marseille Restaurants
Located in the heart of 
Marseille, this grill offers a 
buffet of appetizers and a 
choice of three main courses. 
The buffet is unlimited and 
displays regional dishes such 
as …

The New Russia
Warner LeRoy’s doomed incarnation of 
the Russian Tea Room closed only five 
short years ago, although in the 
frantic world of modern-day New York 
dining, it seems like five decades. As 
the famous old room sat moldering on 
57th Street …

Bistro Romain
A Quality chain Bistro on the Quais of the Old 
Port
4 Quai Rive-Neuve
Marseille, 13001

This renowned chain Bistro is 
conveniently located in the Old Port. The 
menu offers a wide selection of dishes at 
very affordable prices: Beef Carpaccio, 
Salmon Lasagna, thick sirloin steak, and 
Fillet of Duck Breast, …

Ligue 1 - Marseille focused on 
title, not Gerets
Coach Eric Gerets's departure at the 
end of the season will not disturb 
Marseille's quest for a first league title 
in 17 years when they take on 
Toulouse in Ligue 1 on Saturday, the 
players said.

Austin Spider House Patio 
Bar & Cafe 
Just North of the UT campus 
in Central Austin, this 
bohemian hangout is a must 
for anyone seeking the 
quintessential Austin 
experience. …



More Precise Matches

Subscriber:
◦ Investments in uranium

Possible Interests:
◦ Regions that export uranium and have experiencing civil 

unrest (e.g., protest marches, civil wars, violent gatherings 
…)

(implies
(and

(isa ?COMMODITY CommodityProduct) 
(hasInvestmentInterestInCommodityType ?USER ?COMMODITY) 
(exports ?REGION ?COMMODITY) 
(genls ?UNREST-TYPE CivilUnrest)) 

(conceptSetPotentiallyInterestingToForDomainBecause ?USER 
(TheSet ?REGION ?UNREST-TYPE) Investing
(and

(exports ?REGION ?COMMODITY) 
(hasInvestmentInterestInCommodityType ?USER ?COMMODITY))))





Review

Query

Search

Consistency & Verification

+

Cyc    KB
Inference

“George Washington, cofounder
of the United States…”
→
(foundingAgent GeorgeWashington
UnitedStatesOfAmerica) 

Parse

Fact Gathering & Verification
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Query
“What are symptoms of Whooping Cough?”

(symptomOfAilment WhoopingCough ?SYMP )

NL Generation

“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
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