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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, 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 …

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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Valve Surgery









The Cyc Analytic Environment

Reasoning-based, question answering

User-assisted query understanding





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









Leaders of organizations that operate in 
Gaza and have killed Israelis







www.cyc.com/doc/inCyc



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

Logistics



Logistics





Mortgage Financing

Derivative Risk 

Management
Tracking Scientific

Literature

Patent & Other Rights 

Management
Traffic 

Management

Computer File System

Management

…etc
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1984:

Increase human capabilities by building 
the first true Artificial Intelligence.

Revised:

Increase human capabilities by teaching the 
first true Artificial Intelligence to build itself.



• 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?

Which landmarks attract more people?

Where are people concentrating?

Where is traffic moving?

improve the quality of life

Personal: (from Ljubliana)
Will I be late for my 11:15 talk?

Can I stop at my favourite café (le Petit 

Café)? Or on the highway, or in Bled?

Is there an interesting village on the way, if I 

leave early?

Take an umbrella? Bring a bathing suit?



Use case: Drug Discovery

• Problem: pharmaceutical R&D in early clinical 

development is stagnating

(Q1 Q2 Q3)

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

24

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

Medical Outcome Studies.
Huge numbers of patients; 

Diverse representations





www.cyc.com/doc/inCyc



Semantic Web 1.0



LarKC Cyc

 Number of Assertions

 Diversity of 
Processing

 Variable reliability

 Representational 
variation

 Engineering Scale

 Number of Concepts

 Representational 
Complexity

 Contextualization

 Interrelatedness

 Knowledge 
Acquisition
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General Knowledge about Terrorism

Specific data, facts, and observations

about terrorist groups and activities

General Knowledge about Terrorism:
Terrorist groups are capable of directing assassinations:
(implies

(isa ?GROUP TerroristGroup)
(behaviorCapable ?GROUP AssassinatingSomeone directingAgent))

…

Specific Facts about Al Qaida:

(basedInRegion AlQaida Afghanistan)   Al-Qaida is based in Afghanistan.
(hasBeliefSystems AlQaida IslamicFundamentalistBeliefs)   Al-Qaida has Islamic fundamentalist beliefs.
(hasLeaders AlQaida OsamaBinLaden)   Al-Qaida is led by Osama bin Laden.

Cyc KB Extended w/Domain 
Knowledge
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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



 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



Agreement

AccountAuthorizedAgreement

Collection

BondAgreement

CorporateBond-Agreement

AccountType

BondTypeByIssuingAgentTypeAndCreditRiskType

SelfInvestedPersonalPensionCorporateBond-InvestmentGrade
SecondOrderCollection

genls

isa
disjointWith

RetirementAccount

Individual
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#$temporallyIntersects

Some of these Relations are very General, such as:

Such relations are particularly useful when they are 
known not to hold between a pair of individuals:

(#$not  (#$temporallyIntersects  ?X  ?Y))

That implies all of these:

(#$not  (#$spouse    PERSON-X PERSON-Y))  

(#$not  (#$consultant    AGENT-X  AGENT-Y)) 

(#$not  (#$accountHolder   ACCOUNT-X  AGENT-Y))

(#$not  (#$residesInRegion   AGENT-X REGION-Y)) 

(#$not  (#$officiator   EVENT-X  PERSON-Y))
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(verbSemTrans Eat-TheWord 0 TransitiveNPCompFrame
(and  (isa :ACTION EatingEvent)

(performedBy :ACTION :SUBJECT) 
(inputsDestroyed :ACTION :OBJECT)))

Constant: Eat-TheWord

isa: EnglishWord

Mt: EnglishMt

infinitive: “eat”           pastTense: “ate”

perfect: “eaten”         agentive-Sg: “eater”

(subcatFrame Eat-TheWord Verb 0 TransitiveNPCompFrame)



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)
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#$TransportationEvent

#$ControllingATransportationDevice

#$TransportWithMotorizedLandVehicle

(#$SteeringFn #$RoadVehicle)

#$TransporterCrashEvent

#$VehicleAccident

#$CarAccident

#$Colliding

#$IncurringDamage

#$TippingOver

#$Navigating

#$EnteringAVehicle …
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#$performedBy

#$causes-EventEvent

#$objectPlaced

#$objectOfStateChange

#$outputsCreated 

#$inputsDestroyed

#$assistingAgent           

#$beneficiary

#$fromLocation

#$toLocation

#$deviceUsed

#$driverActor

#$damages

#$vehicle

#$providerOfMotiveForce

#$transportees …

Over 400 more.





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. 

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



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.





























Entirely declarative
•Can be added by anyone/any project

•Most added automatically

•Can be concluded to or queried over

•Will support any truth verification mechanism

(goalCategoryForAgent Cyc

(thereExists ?TV  

(knows Cyc

(sentenceTruth

(conditionAffectsOrgType

CreutzfeldtJakobDisease

HomoSapiens) ?TV)))

(GoalOfVerifyingKBContentAboutTopicFn

ScienceAndNature-Topic))

Cyc would like to know 

whether it’s true 

that:

Mad Cow disease 

affects people.
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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



Wikipedia

Page 
Download

Sentence 
Extractor

EBMT Parser

Semantic 
Checker

Success

No page found Hypothesis not 
logically consistent

Uninformative
sentence

Unable to parse

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

Machine Reading: Term learning

… 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

Cycorp © 2009



Machine Reading: Background KB

Example: “common sense”
“The heart pumps blood to the lungs.”

“heart”

• #$Heart-Suit

• #$Heart-LocusOfFeeling

• #$CenterOfRegion

• #$Heart

“pumps”

• #$PumpingFluid

• #$Pumping-MakingSomething Available

#$typeBehaviorCapable

Are there any pairs 
<C1,C2> such that every 
C1 is capable of playing a 

role in an event of type C2?

Cyc Knows: The heart is a kind of pump.
Cyc Knows: Every pump can pump fluid.



+-------------------------------------------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) (#$BarrelsPerDay 760000)))



Knowledge Store

Background

Extraction/NL

Assertions

Machine Reading: Scaling up scope, detail, understanding
ERUDITE



 Scalable application

 Platform scalability (LarKC)

 Is there more than logic
◦ and madness like that.



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))

http://public3.cyc.com:3602/cgi-bin/cg?cb-cf&c1661
http://public3.cyc.com:3602/cgi-bin/cg?cb-cf&c457
http://public3.cyc.com:3602/cgi-bin/cg?cb-cf&c15975
http://public3.cyc.com:3602/cgi-bin/cg?cb-cf&c8472
http://public3.cyc.com:3602/cgi-bin/cg?cb-cf&c141891
http://public3.cyc.com:3602/cgi-bin/cg?cb-cf&c210165


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 

http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c1661
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c457
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c0
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c7907
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c229716
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c229766
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c8721
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c5549
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c5549
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c5549
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c457
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c76866
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c7907
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c292
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c6087
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c229716


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. …

http://travel.yahoo.com/p-reviews-2838051-prod-travelguide-action-read-ratings_and_reviews-i;_ylt=AhqyvX.Khod97XH3n7zU4iqpFWoL
http://travel.yahoo.com/p-reviews-2838051-prod-travelguide-action-read-ratings_and_reviews-i;_ylt=AhqyvX.Khod97XH3n7zU4iqpFWoL


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))))

http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c1661
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c457
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c15975
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c4766
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c229815
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c265
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c0
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c229813
http://public1.cyc.com:3602/cgi-bin/cg?cb-cf&c229766
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Scaling Beyond the Web 

with LarKC

Michael Witbrock, PhD.

Technical Director, LarKC Project



> 1000 special purpose inference modules

(advocates RHariri ?WHAT)

Inference is a search 

through proof space 

applying a large, 

extensible array of 

reasoning modules to 

perform inference

!

(perpetrators MurderFn(RHariri) ?X)

 Worker

◦ Performs all low-level 
inference work

 Tactician (meta)

◦ Enforces a strategy

◦ Decides what work 
should be done

 Strategist (meta-meta)

◦ Manages resources

◦ Decides overall 
strategy



Performance:
Subtheory: disjointWith

Proof checker:

<100 relevant 

axioms

Elaboration Mode:

1600 relevant 

axioms

Cyc KB:

4 million axioms

relevant & irrelevant

Note: Otter times out

e.g. (disjointWith Doctor-Medical HumanInfant)



Inference is Fast & Trainable



The Large Knowledge 

Collider

“a platform for infinitely scalable 

reasoning on the web”

“LarKC's value is as an experimental platform. 

LarKC is as an environment where people can go to 

replicate (or extend) their results in an an environment 

where all the infrastructural heavy lifting has been 

already taken care of..“
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Goals of LarKC

• Scalable (> 109 triples, lazy pipes)

• Reconfigurable (plugins with standard API’s)

• Open (Apache license)

• heterogenous (TRANSFORM, wrappers)

• easy to do experiments on (wrap & integrate) 

• enable incompleteness (IDENTIFY, SELECT) 

• enable distribution (plugin containers)

• anytime behaviour

• web-enabled (remote plugins, remote data)



Infinite scalability?

distribution
• “Thinking@home”,

“self-computing semantic Web”

approximation
• gets better with more resources
• “almost” is often good enough

parallelisation
• cluster and high-performance 
computing
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Identify

• Relevant Sources

• Relevant Content

• Relevant Context

Transform

• Extract Information

• Calculate Statistics

• Transform to Logic

Select

• Relevant Problems

• Relevant Methods

• Relevant Data

Reason

• Probabilistic Inference

• Classification

• Context reasoning

Decide

• Enough answers?

• Enough certainty?

• Enough effort/cost?

Basic Operation Types



Realising the Architecture

Identify

•Relevant Sources

•Relevant Content

•Relevant Context

Select

•Relevant Problems

•Relevant Methods

•Relevant Data

Transform

•Extract Information

•Calculate Statistics

•Transform to Logic

Reason

•Rule-based

•Classification

•Inconsistent reasoning

Decide

•Enough answers?

•Enough certainty?

•Enough effort/cost?

Pipeline
Support
System

Plug-in 
Registry

Plug-in Manager

Data Layer

Plug-in API

Data Layer API
RDF

Store
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Data Layer API

Pipeline
Support
System

Plug-in 
Registry

RDF
Store

RDF
Store

RDF
Store

RDF
Doc

RDF
Doc

Data Layer

Decider

Plug-in API

Plug-in Manager

Query
Transformer

Plug-in API

Plug-in Manager

Identifier

Plug-in API

Plug-in Manager

Info. Set
Transformer

Plug-in API

Plug-in Manager

Selecter

Plug-in API

Plug-in Manager

Reasoner

Plug-in API

Application

RDF
Doc

Platform Utility 

Functionality

APIs

Plug-ins

External 

systems

External data 

sources

LarKC Architecture
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Decider

Plug-in API

Plug-in Manager

Query
Transformer

Plug-in API

Plug-in Manager

Identifier

Plug-in API

Plug-in Manager

Info. Set
Transformer

Plug-in API

Plug-in Manager

Selecter

Plug-in API

Plug-in Manager

Reasoner

Plug-in API

Plug-in 
Registry

Pipeline
Support
System

RDF
Store

Identifier
Info Set 

Transformer
Reasoner

Decider

Selecter
Query

Transformer

What does a pipeline look like?
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What Does a Pipeline Look Like?

Decider

Plug-in API

Plug-in Manager

Query
Transformer

Plug-in API

Plug-in Manager

Identifier

Plug-in API

Plug-in Manager

Info. Set
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Plug-in Manager

Selecter

Plug-in API

Plug-in Manager

Reasoner

Plug-in API
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Data Layer Data Layer Data Layer Data Layer

R

D

F

G
r

a

p
h

R
D

F

G

r
a

p

h

R

D
F

G
r

a
p

hR
D

F

G

r
a

p
h

R

D
F

G
r

a
p

h

R
D

F

G

r
a

p

h

Def

ault 
Gra

ph

R

D

F

G
r

a

p
h

R

D

F

G
r

a

p
h

R

D
F

G

r

a
p

h R
D

F

G

r
a

p

h

R
D

F

G

r
a

p
h

R
D

F

G

r
a

p
hR

D
F

G

r

a
p

h

90



What Does a Pipeline Look Like?  

Decider

Plug-in API

Plug-in Manager

Query
Transformer

Plug-in API

Plug-in Manager

Identifier

Plug-in API

Plug-in Manager

Info. Set
Transformer

Plug-in API

Plug-in Manager

Selecter

Plug-in API

Plug-in Manager
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What Does a Pipeline Look Like?  

Decider

Plug-in API

Plug-in Manager

Query
Transformer

Plug-in API

Plug-in Manager

Identifier

Plug-in API

Plug-in Manager

Info. Set
Transformer

Plug-in API

Plug-in Manager

Selecter

Plug-in API

Plug-in Manager

Reasoner

Plug-in API

Plug-in 
Registry

Pipeline
Support
System

RDF
Store

Identifier
Info Set 

Transformer
Reasoner

Decider

Selecter
Query

Transformer

Data Layer Data Layer Data Layer Data Layer

Info Set 
Transformer

Identifier

Identifier
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What Does a Workflow Look Like?  

Decider

Plug-in API

Plug-in Manager

Query
Transformer

Plug-in API

Plug-in Manager

Identifier

Plug-in API

Plug-in Manager

Info. Set
Transformer

Plug-in API

Plug-in Manager

Selecter

Plug-in API

Plug-in Manager

Reasoner

Plug-in API

Plug-in 
Registry

Pipeline
Support
System

RDF
Store

Identifier
Info Set 

Transformer
Reasoner

Decider

Selecter
Query

Transformer

Data Layer Data Layer Data Layer Data Layer

Info Set 
Transformer

Identifier

Identifier
Info Set 

Transformer
Reasoner
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Decider Using Plug-in Registry to Create Pipeline

Q

T

I

S R

VB

A

Q

TI

S R

VB

B

D 1.3.1

Represent Properties

• Functional

• Non-functional (e.g. QoS)

• WSMO-Lite Syntax

Logical Representation

• Describes role

• Describes Inputs/Outputs

• Automatically extracted using API

• Decider can use for dynamic configuration

• Rule-based

• Fast
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1. Platform and Plug-in APIs are useable

• In the twenties of plug-ins already

• Plug-ins written with little help by platform architects

• Plug-ins run successfully, and perform together

• Plug-in for open-calais text done in <4 hours

• existing web-services (e.g. Sindice, Swoogle)

• another RDF store (geo-queries in Allegrograph)

• a very large (pipeline-based) system (GATE)

• existing reasoners (Jena, Pellet, Cyc, IRIS)

• XSLT scripts (XML-2-RDF)

• spreading activitation (new)

• RDF-2-weightedRDF (new)

2. 25+ very heterogeneous plugins
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Plug-in Manager

Identifier

Plug-in API



Released System: larkc.eu

Identify

• SINDICE

• SWOOGLE

Select

• Spreading 
Activation

• Geolocation

Transform

• Annotate GATE

• Annotate Cyc

• SPARQL-CycL

Reason

• Jena, IRIS, Pellet

• Cyc, PION

• Siemens

Decide

• Scripted: Real-
Time City

• Dynamic Cyc
Decider

Plug-in API

Plug-in Manager

Query
Transformer

Plug-in API

Plug-in Manager

Identifier

Plug-in API

Plug-in Manager

Info. Set
Transformer

Plug-in API

Plug-in Manager

Selecter

Plug-in API

Plug-in Manager

Reasoner

Plug-in API

Plug-in 
Registry

Pipeline
Support
System

• Open Apache 2.0 license

• early adopters workshop @ 

ESWC

– 20 people attended

– participants modified plug-ins, 

modified workflows

• Standard Open Environment: 

Sourceforge/SVN

• You can use it!
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Alpha Urban LarKC High Level Architecture

LarKC platform

Interface

Urban Computing Environment

SPARQL

query

SPARQL

result

REST

request

JSON

response

Request data Data

Pipelines

Config.

PROBLEM: Which 
Milano monuments 
or events or 
friends 
can I quickly get to 
from il Duomo?

StreetsMonumentsEventsData & Index
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AlphaUrbanLar
KCDecider

SPARQL
Result

SPARQL 
Query

Local
Plug-in Manager

Transformer

Plug-in API

Local
Plug-in Manager

Identifier

Plug-in API

Local
Plug-in Manager

Selecter

Plug-in API

Local
Plug-in Manager

Reasoner

Plug-in API

• Decider  AlphaUrbanLarKCDecider

• Transformer  MonumentQueryTransformer

• Identifier  SindiceTriplePatternIdentifier

• Selecter  GrowingDatasetSelecter

• Reasoner  SimpleSparqlReasoner

Destination Selection Pipeline

Urban Monuments

100



Destination Selection Pipeline

Events

• Decider  AlphaUrbanLarKCDecider

• Identifier  EventfulQueryIdentifier

• Transformer  EventfulResultsTransformer

• Selecter  GrowingDatasetSelecter

• Reasoner  SimpleSparqlReasoner

AlphaUrbanLar
KCDecider

SPARQL
Result

SPARQL 
Query

Local
Plug-in Manager

Identifier

Plug-in API

Local
Plug-in Manager

Transformer

Plug-in API

Local
Plug-in Manager

Selecter

Plug-in API

Local
Plug-in Manager

Reasoner

Plug-in API
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Node

Reasoning Routing

InputPool OutputPool

Node

Node

Node

Data

Preparation
Result

Storage
Node

Node

statistics & visualisation

LarKC Experiment: MaRVIN

MaRVIN scales by:
•distribution (over many nodes)
•approximation (sound but incomplete)
•anytime convergence (more complete over time)



Reinforcement Learning

• Training and Test sets:

– ~400 independent queries in each

• Testing: multifold cross-validation

• Average improvement: ~30%

• Time improvement: 2013 → 1356 seconds

Learned Inference Performance on Test Set

-340000

-310000

-280000

-250000

-220000

0 5 10 15 20

Generation Champion Performance

F
it

n
e
s
s

RL Fitness Cyc Fitness

Acyclic Cyc
Microtheories should not have GenlMt cycles:

(#$thereExists ?OTHER-MT-1

(#$and

(#$isa ?MT #$Microtheory)

(#$genlMt ?MT ?OTHER-MT-1)

(#$genlMt ?OTHER-MT-1 ?MT)

(#$different ?MT ?OTHER-MT-1)

(#$unknownSentence

(#$coGenlMts ?MT ?OTHER-MT-1))))

Handcoded search: 4774 inference steps

Learned search policy: 5 inference steps

All In The Family

List terrorists with shared name and group 

affiliation or alias:

(#$thereExists ?WHO1-1

(#$thereExists ?WHO2-1

(#$and

(#$isa ?WHO1-1 #$Terrorist)

(#$isa ?WHO2-1 #$Agent-Generic)

(#$familyName ?WHO1-1 ?FAMILYNAME)

(#$familyName ?WHO2-1 ?FAMILYNAME)

(#$givenNames ?WHO1-1 ?GIVENNAME)

(#$givenNames ?WHO2-1 ?GIVENNAME)

(#$different ?WHO1-1 ?WHO2-1)

(#$extentCardinality

(#$TheSetOf ?ALIAS-1

(#$and

(#$alias ?WHO1-1 ?ALIAS-1)

(#$alias ?WHO2-1 ?ALIAS-1))) ?M)

(#$extentCardinality

(#$TheSetOf ?GROUP-1

(#$and

(#$hasMembers ?GROUP-1 ?WHO1-1)

(#$hasMembers ?GROUP-1 ?WHO2-1))) ?N)

(#$evaluate ?SUM

(#$PlusFn ?M ?N))

(#$greaterThan ?SUM 0))))

Handcoded search: 14,678 inference steps

Learned search policy: 11 inference steps



Other potential plug-ins

• Leverage other larger-scale reasoners
– (within their domain of applicability)

• General purpose inference :
– Vampire, DPLL, SAT solvers, LOOM, etc.

• Special purpose inference :
– symbolic arithmetic => Mathematica
– linear algebra => Matlab, LAPack
– machine learning => SVM, Neural Networks, Reinforcement 

learning
– planning, linear programming => iLog, constraint solvers
– Humans => mechanical turk
– etc.
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Why would people (like you)

want to use LarKC

• Workflow builders: 

– easier to get some application scenario running

• Plug-in builders: 

– easier integration with components by others,

– wider take-up of your own component by others





Reaching Web 3.0 is a 
collaborative, world-wide effort.



Reaching Web 3.0 is a 
collaborative and world-wide 

effort.

For fun, follow Cyc_ai on 
twitter, or play 
game.cyc.com.



Reaching Web 3.0 is a 
collaborative effort. Try out 

LarKC at 
http://wiki.larkc.eu/GettingStarted.




