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<Knowledge in minds

Transfer by speech, sketches wn
(@)
Q
q
(@)
@

*Knowledge in books

Transfer by visiting libraries, public readings
O

eKnowledge in mass market books, films, newspapers, journals, television, radio c

Transfer by replication, broadcast 8.
Q
=)
~t

<Knowledge in Web pages, pdf/ps files, passive DBs, directories and lists, some audio

Transfer by authoring then browsing, searching 9
()
g

eKnowledge in fluid constructs (wikis, complex evolving DBs/RDF stores, blogs, social network pages) , web services -5

across all media, distributed across many sites. )
Transfer by collaborative construction, active notification, alerts, SMSs, social notification, location awareness, —
mash-ups ... 3

o)
(@]

*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

ruman Knowledge avelution




Mortgage Financing

Compu%rtl?l?é § S{her Rights

Managemen
C?ty Infrastrquaﬁgc

Management

M‘?Q@Q?@%%‘ientlflc

Literature

...etc

overwhelming Problems




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, OdpiralniCasi etc etc).

[CNENCE




www.cyc.com/doc/inCyc



Logistics




Inferred Index °rdPy - aedicai ontole
filters : predicate ontolo

for index view : inferred legz

Shipping

¥ Browsing ™ Editing

Al Assertions 2640/ ] ™ openan
¥ via Shipping (46)
¥ ia ConvevingMaterials r4)
via (TransportViaFn TransportationDevice) (22)
via MaterialHandling ¢35
via TransportationBvent 33)
via DirectedTranslation (7<)
via Conveying-Generic  ¢27)
via Translation-Complete ¢5)
P ia Causing AnotherObjects Translationalbhotion
¥ <ia Translation-Single Trajectory (%)
¥ ia ControllingAPhysicalDevice  ¢3)

¥ ia Movement-TranslationEvent ¢79)
¥ ia ControllingSomething  /4)

¥ via ServiceBEvent i1)

¥ ia Translocation (7)

¥ via HelpingAnAgent (%)

¥ via MovementBvent (7

¥ ia MovementQrShapeChangeEvent (79
via GeneralizedTransfer ¢3)

via HumanActivity  ¢5)

via PurposefulPhysicalAction

via ActionOnObject 35/

via AnimalActivity  ¢5)

via AnimateActivity (%)

via IntelligentAgentActivity 2

via SocialQcowrrence (17}

mPhlsica]Even (9)

YYYVYYYYYY

Collection : Shipping =

on the term

isa : ¥ DurativeEventType @ TemporalObjectTvpe
isa: @ Transportation-Topic
guotedIsa : 9 DensoOntologyConstant
quotedIsa : #ResearchCycConstant-Event TvpeOKWRTRoles @ PublicConstant @ CvcSecureFORT
genls : ¥ (TransportViaFn TransportationDevice) # ConvevingMaterials #DelivervServiceEvent
comment : ¥ "Shipping of objects from one physical location to ancther. Shipping from the perspective of being done
as a dedicated service, such as what UPS, the US Postal Service, or Dominoes Pizza Delivery might do."
cveSubjectClumps : “ Transportation-CSC
genStringAssertion : 9 9 (verbSemTrans-Canonical Ship-TheWord 0 IntransitiveVerbFrame Shipping
(TheList transportees))
@9 (verbSemTrans-Canonical Ship-TheWord 0 TransitiveNPFrame Shipping
(TheList performedBv transportees))
genStringéssertion 199 (denotation Ship-TheWord Verb 0 Shipping)
inTopic : : 9 Transportation-Topic
@ (nonDavidsonianPredTemplate Shipping TransitiveNPFrame
(TheList performedBv primarvObiectMoving)
(and
isa "AACTION Shipping)
(performedBy -ACTION :SUBJECT)
(primarvObijectMoving -ACTION -OBJECT)))
@ (nonDavidsonianPredTemplate Shipping Transitive NPFrame
{TheList pedformedBv transportees)
(and
isa -ACTION Shipping)
(performedBv -ACTION -SUBJECT)
(transportees ;AACTION -:OBJECT)))
.(nmlDewidsmlianPredTemp]ale Shipping Intransitive VerbFrame
{TheList transportees)
(and
isa ;AACTION Shipping)

S BFESEREREHGR







Introduction to Cyc

What’s Machine Understandable form really?
and what’s that good for?
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General Knowledge about Various Domains

Specific data, facts, and observations



Is it attached to the

Inside of the outer object?
— Yes -- Try Can it be removed by pulling, if

#$connectedTolnside enough force is used, without
damaging either object?

— No -- Try #$in-Snugly
or #$screwedin

Does the inner object

J stick into the outer object?
—Yes — Try

#$sticksInto

of “Tn”




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

None of it.
#$in-ContCompletely

Yes
#$in-ContPartially

No

#$in-ContClosed

FOF INferancas

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

Yes

#3$in-ContOpen

S\

G---




o #$TransportationEvent

o #$ControllingATransportationDevice
o #$TransportWithMotorizedLandVehicle
o (#$SteeringFn #$RoadVehicle)

o #$TransporterCrashEvent

o #$VehicleAccident

o #$CarAccident

o #$Colliding

o #$IncurringDamage

o #$TippingOver

o #$Navigating

o #$EnteringAVehicle ...

Somes Transpertation Types




fOgistics




[
EVENT > TEMPORAL-THING o PARTIALLY—TANGIBLE--

(Va b) ae EVENT A be EVENT =
causes( &, b) = precedes( g, b)
Core

Theories

. . o= M, a) m e MAMMAL A a e ANTHRAX =
Domain-Specific os(‘exposed-to( m, a ), infected-by(m, a) )

Theories

Very specific information

g ; ; (ist FtLaudHolyCrossERCase#403921
(some indirect, via SKSI)

(caused CutaneousAnthrax
(SkinLesions Ahmed_al-Haznawit)))

First Order Predicate Calculus: unambiguous; enable mechanical reasoning

Higher Order Logic: contexts,
R predicates as variables,

nested modals, reflection,...




<(isa ASBFinancialCorp PubliclyHeldCorporation)
»(corporateOfficers ASBFinancialCorp GeraldRJenkins)

<In Mt : FinancialTransactionMt
(relationAllExists performedBy RepurchaseProgram PubliclyHeldCorporation)

=In Mt: FinancialTransactionMt
(forAll ?X (implies
(isa ?X RepurchaseProgram)
(thereExists ?Y (and (isa ?Y PublicallyHeldCorporation) (performedBy ?X ?Y)))))

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

e(beliefs Israel (relationlnstanceExists possesses Syria ClusterBomb))

e(opagueArgument beliefs 2)

SyntactiCIReVER




Knowl e for People




People

“(iza occupation BioDataPredicate)

#1za date OfDeathEvent BioDataPredicate)
“(1za placeOfDeath BioDataPredicate)
#(1za citizens BioDataPredicate)

“(1za ethnicity BioDataPredicate)

#(1za barthPlace BioDataPredicate)

“(isa date OfDeath BioDataPredicate)
#(1za barthDate BioDataPredicate)

Mt : BaseKR
Direction : Bacloward
@ (implies

{and

{genlPreds Y=PEC hasBeenln)
{1at- Azzerted YRAT

(YSPEC TARGT TARG2))

(agentLocationDatazentence TARG]
{ist "1AT

(YSPEC TARG] TARG2)0))

Agent Affiliation
@ (implies
{and
(genlPreds YSPEC affiliated With)

(ist-Asserted IMT
(7SPEC TARG1 TARGZ)))

(agentAflationD atazentence TARGE
{ist "IAT
(YSPEC TAEGT YARGZN
(itnplies

(and
(genlPreds YSPEC affiliated With)
(1st-Azzerted TIT

{(TSPEC TARG] TARGZM

(agentAfilationD atazentence TARG]
{ist TIAT

(TSPEC TARG] TARG2N)

InCye Page?




TnCye HTML Production Rules

®  (implies
{and
{1za YPEED BEasicDataPredicate)
{miniFactSheetFlagHtml YTOPIC YFLAG-INMAGE-HTIL)
{(YPEED "TOPIC TDATA)
(evaluate "FLAG-DATTIN
(HIMW L TableDataFn
{Thelist
{Thelist Eowspan-HIML Tagittnbute 2)) YFLAG-IWAGE-HTIL))
(evaluate TEOW
(HITMLTableF.owFn TheEmptyList "FLAG-DATTR YROW1Y))
(evaluate TE.OW1
(HTML TableDatabn TheEmptyList
(BasicDatumParaphraseFn
{IthInlastFn YDATA 1) "IITH)
(evaluate TEOW2
(HTMW L TableE owEn TheEmptvyList
(HITL TableDataFn TheEmptyList
(BasicDatunParaphraseFn
{(ITthInListEn TDATA 23 YT
{evaluate TEOWS
(HTML TableEowEFn TheEmptyList
(HIML TableDataFn TheEmptyList
(BasicDatumParaphraseFn
(IthInLastFn TDATA 33 YT
{evaluate "TABLE
(HTMLTableFn TheEmptyList YROW TEOW2 TROW2))
(basicDataHTIL YTOPIC TMT “TABLEN




CURE | Back

Interest of Lamry Lefkowitz

Reverence for life aids S Sport

recovery from heart

surgery (Reuters) SO T Tatent

m AilmentCondition

Reuters - Having a deep reverence for life seems o hawv
influence on health putcomes after heart bypass surgery
to a study reported foday at the American Geriatrics Sot
meeting in Chicago. This supports the potential influence
"spiritual effect” on patients’ recovery.

coronary artery

coronary artery bypass graft
percutanecus intervention
beta blocker
trinitroglycerine

angina
vascular stent

the Cleveland Clinic main
campus

Mayo Clinic

stress test

diagnostic cardiac
catheterization

intravascular ultrascund
coronary angiogram
electrocardiogram




Valve Surgery













The Cyc Analytic Environment

|/Tasl-:lnf|:| rDDcumentEearch rCDnceptS rgueriea |

@lFind patients with bacteremia after a pericardial windows Find Stop

¥ Search Resulis
¥ Find patients with bacteremia after a pericardial window
¥ Simple CQuestions
The patient ID for PATIERT is .
FATIEMT is the patient invalved in and PATIERT is the patient

invalved in .
FATIEMT is the patient invalved in and i= a pericardial
W' 1 C] Dy,

i= acase of hacteremia.

invalves ’ B ' '

iz after | S0PpY QUery Text

FATIEMNT is the | COpen i= asurgical
procedure perfo Dielate
contain——

Combine selected queries

b eyorod Search

b CCF Ciuery Likbrarny : :
CAELIser: Generic Medical Hesearn:J.AFEmE.TELF.?E.FmE G w0 EUEINEE

Search History

User-assisted query understanding



=

] # L]

File Edit Toaols Window Help

@ @ @

& 2l ofthe following are true

@ The patient ID for PATIENT is 0.
D FERICARDIAIL-PROCEDURE is a pericardial window.
@ RATIENT is the patient invalved in BPERICARDIAI-FROCEDURE.
@ B OCDSTREAMUINFECTION s a case of bacteremia.
@ FATIENT is the patient involved in BLOODSTREAVMLINFECTION.

D FERICARDIAIL-PROCEDURE is hefare BLOODSTREAMIINFECTION.
@ B OoDSTREAVEINFECTION happened hetween 1999 and 2006,

b & Give the values of BLOOOSTREAMIINFECTION I0 and PERICARDIAL-FPROCEDURE such that:

Ask

Save

Mew Tahb

Stop

Falette

[ELOODSTREAM-INF .. |

|FERICARDIAL-FRO..|

between 1999 and 2006
]

FERICARDIAL-PRO...

ELOODSTREAM-IMF...

Results:

Context: always

All

-

Edit...

Tirme limit: (GO0

e T T e R T T T

ARSWersS

Bloodstream infection

Pericardial procedure

1N UISE

bt

at-Cle

wveland Chnic

Sfatus: Idle Message:




Web 3.0 Systems start from Web 2.0-
style learning.
Acquire ground facts, test rule
Inferences.

Knowledge Acquisition with CURE




tqk mulasForElements-Termlsa PubliclyHeldCorporation

From Wikipedia, the free encyclo -IT’aIrrT, ln;: {aka;almjll x
(geﬂrﬁr‘ﬁteﬁwmejba' omﬁl ments-termks FEOMA ercial Organization
products such as the Zire, 2B Ypairs ceo.
LifeDrive. Previous g gg‘ﬁw is the COO of Palm.
and Palm VII. wnuemadm .u.s InessActivityOfOr Occu rsAt
Dersorn f Palm.
of the Treo run Win qent

operating system, P N w' Jeff Hawki & founded Pal
peraling system, Pgig k8 ¥porat&dtny)
Palm OS5 Garnet.

Q

2)

Donna Dubinsky ~ [@ founded Pal

:
Contents [hide«]
1 History < < Palm is headed hylperson

2 List of PDA models< < < [business
2.1 Current models
2.2 Upcoming models
2 3 Discontinued models Palm is a major company in
3 Environmental Record< < < 4 Igeogmphmm region

4 See also |oryam'zaﬁon
Palm.

Palm founded |oryamzaﬁon

5 References«

6 External links <« « « Palm is legally incorporated in
|political entity

H |St0E' The main business activity of Palm occurs at
| geographical region -

Palm Co http://palm.com is the URL for Palm’s
Hawkins) homepage.

and Ed (
invention

4

. Employees< 1,050 (2008)
. 4




Noumn Compeune Parsine]

Renaissance Artists =——»

Bronze Age Farmers =—>»

iInd of
oun Form: not plural Kind of




Noun Phrese Parsing
Attributive Adjective & Noun

Yellow Submaring =p

Sick Child =

Supporting Lexical Assertions:

(adjSemTrans Sick-TheWord 0 RegularAdjFrame

T T 22—



Assertion Coungisy2e

‘ - /
rapidly growing cabeta c:Io(9
already ma %




Knowledge representations,
inference methods, KA tools,
for broad domain reasoning




Use Case: City on-line

Our cities face many challenges

Urban Computing improve quality of life

IS the ICT way to
address them ‘

| » Where is the traffic moving

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 | take taxi or subway to
aeroport? Any last things we should see
on the way?

e are
right now

[iNg?

MovVin(




Damo Mmﬂaz
Kmowlecdge Us

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.

ExdstingiViecall®




T

Intelligent Information Dissemination




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



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

~ e I''Y wma s e . - - \ D = .
TexXtPrism: Lmproveoa RecCa

J



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, iIPhone, MacBook, ... (Apple products)

Steve Jobs (Apple CEO)

1T ( -~ = \ L) & -
linprovead Reca

1Ll
%
QU
_)
)
(-
(P
)



Reduce ambiguities

Improve concept identification precision using
semantic licensing rules

Tighten the matching criteria

Require the co-occurrence of multiple concepts
when selecting matches



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

I went to (#FAttendingSomething) a concert ((#fCollectionintersection2Fn #5PublicEvent #EMusicalPerfarmance) )
101 Spmlgﬁel{l (#$SpringfieldCollege (#$CiNamedFn "Springfield" #5Colorado-State) (#3CiyNamedFn "Springfield
#iMassachusetts-State) ([#FCityNamedFn "Springfield" #50hio-5State) #5CityOfspringfieldiL (#CityNamedFn
"Springfield" #$Missour-State) (#FCibyNamedFn "Springfield" #virginia-State)

However, If a state iIs mentioned, then
references to cities in that state are licensed.

(isa ?CITY City)

( 2STATE 2CITY))
( 2CITY ?STATE))

r

~) — ~ . - . -y . . .
SeMmantic Licensing examples

J



concert ((#FCollectionintersection2Fn #FPublicEvent #MusicliPerformance)) m Sprnghield

When I artrved (#3ArrivingAtaPlace) m Virguna Sﬂaﬂtate}* I went to (#AttendingSomething) a
((#ECityNamedFn "Springfield" #Fvirginia-State)).

However, If a state iIs mentioned, then
references to cities in that state are licensed.

When I arrived (#AmivingatAPlace) m Massachusetts ( chusetts-State), T went to
(#$AttendingSometting) a concert ((#5Collectionintersection2Fn #5PylicEvent #4MusicalPerformance)) m Springhield

((#$CityNamedFn "Springfield" #$Massachusetts-State)).



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



(genls ?SPEC RestaurantSpace)
(interestedInVisiting ?USER ?REGION))
(conceptSetPotentiallylnterestingToForDomainBecause ?U
(TheSet ?REGION ?SPEC) Travel-TripEvent
(and
(typelntendedBehaviorCapable RestaurantSpace
EatingEvent eventOccursAt)
(interestedInVisiting ?USER ?REGION))))

re Precise Matches




The New Russia
Warner LeRey’S dooriired incarnation of
the Russia sed only five
short years age aodgh 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 ...

Revi MW - foodie

Marseille -

excellent menu

A Quality chain Bistro on the Quais of the Old

dishes, it stands out due to its s rEr e o
conveniently located

Categoryffench -
Marseill§ Restaurants
< Marseille, )his grill offers a
ppetizers and a
choice of three main courses.

- “mited and
dishes such

& 0Old Port. The

Ligue 1cused on
title, nothaere

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.

s a wide selection of dishes at
able prices: Beef Carpacciq
sagna, thick sirloir%‘;gg
ck Breast, ...

ider House Patio

Just North of the UT campus
in-Central-Austin, this
bohemian hangout is a must
for anyone seeking the
quintessential Austin

&>




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)
(haslnvestmentinterestinCommodityType ?USER ?COMMODITY)
(exports ?2REGION ?COMMODITY)
(genls 2UNREST-TYPE CivilUnrest))
(conceptSetPotentiallylnterestingToForDomainBecause ?USER
(TheSet ?REGION ?UNREST-TYPE) Investing
(and
(exports ?REGION ?COMMODITY)
(haslnvestmentlnterestlnCommodithvpe ?USER ?COMMODITY))))

- & o= B '
R Matches

Mo







Fact Gathering & Verification

Google

/ Search \ ‘George Washington, cofounder
of the United States...

(foundlngAgent GeorgeWashington

Query UnitedStatesOfAmerica)
M / o

Inference

4+ Google

Consistency & Verification



Query
“What are symptoms of Whooping Cough?”

S
(symptomOfAilment WhoopingCough ?SYMP )

NL Generation

Partial English sentences
“A symptom of whooping coughis "~
“Whooping cough can cause "
“A symptom of Pertussis Bordetellais "~

“Symptoms (such as ) of whooping cough”

Learning Facts '

by Search




. Looking for something that matches the
argument constraints on the predicate...
. symptoms of

pertu55|s such as[fever
== and a dry cough]...

Parse back'into
existing @ycL concepts

(symptomOfAilment WhoopingCough Fever)
(symptomOfAilment WhoopingCough Coughing-AilmentCondition)
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