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Human Computer Collaboration

Vast power: fast communications, near infinite memory,
computational learning (recommendation, data mining)

Fundamentally Harder Problems

This power is creating systems that are more complex
than can be managed by unaided humans

Fundamental Change

Much content not stored in human understandable
form (text, audio, diagrams ...) but dynamically
combined and synthesized

Needs infrastructure
Knowledge in machine understandable form
Background knowledge to provide that understanding
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Use Case: Semantic Patient Records
Reasoning-based, question answering

rTasklnfD rDDcumentSearch rEDncepts r(}ueries |

@lFir‘nd patients with bacteremia after a pericardial window Eind Stop

W Search Results

¥ Find patients with bacteremia after a pericardial windowe
¥ Simple Questions

The patient ID for PATIERMT is

FPATIEMT is the patient involved in and PATIENT is the patient
involved in .
FPATIEMT is the patient involved in and is apericardial
wtf 1] O

i= acase of bacteremia.

involveg ™ : = ’

iz after oy Auery Text
FPATIENT is the Jpen
procedure pero

contain - -
» Keyword Search Combine selected queries

b CZF Query Libirary - -
CAElLIser  Generic Medical Hesearc]'&'ﬁemm to cormbine the havo queries

Search History

is asurgical
Delete

User-assisted query understanding
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File Edit Tools YWindow Help

@ @ @

pll @ Give the values of BLOODSTREAMINFECTIONID and PERICARDIAL-PROCEDURE such that:

& Al of the following are true
@ The patient ID for PATIENT is 0.
@ FERICARDIAIL-PROCEDURE is a pericardial window.
@ PATIENT is the patient involved in PERICARDNIAL-PROCEDURE.
@ B OODSTREAMUIINFECTION i a case of bacteremia.
@ PATIENT is the patient involved in BLOOODSTREAVCINFECTION.
@ PERICARDIAL-PROCEDURE is before BLOODETREAMIINFECTION.
D B OODSTREAMCINFECTION happened between 1999 and 2006.

Ask

Save

Mew Tah

Stop

Falette
[ELOODSTREAM-INF .| B I
FPERICARDIAL-PRO... ELOCODSTREAM-IMF ...
|PERICARDIAL-PRO...|
Comtext: abways Edit...
Fesults: |all w | Tirne limit: (600 - hWare
I T
ANSwears
Bloodstream infection | Id | Pericardial procedure

Sfatus: Idle Message:

In use at the Cleveland Clinic
(one of largest US hospitals)




Intelligent Search

‘Valve Surgery Search|

Semantic Search Results

Valve Disease

104 Valve operations performed for the treatment of endocarditis in 2006. 73 procedures... Valve Procedure Volume
Cleveland Clinic continues to perform the largest number of valve procedures in the United States. In 2006, Cleveland Clinic
surgeons performed 2,127 valve procedures1,524

http:/ftomcat’/html-content’/'Valve Disease .html (cached)

Eric E. Roselli, M.D.

Eric E. Roselli, M.D. Specialties: Adult cardiac surgery, thoracic aortic surgery, endovascular approaches to cardiothoracic
diseases, minimally invasive valve repair and replacement, high-risk valve surgery, peripheral vascular surgery,
hitp:/ftomcat/html-content/roselli .html (cached)

A. Marc Gillinov, M.D.

A. Marc Gillinov, M.D. Specialties: Minimally invasive mitral valve, aortic valve, and tricuspid valve surgery; mitral valve
repair,...; and high-risk mitral valve surgery. Medical Degree:
http:/ftomcat’/html-content/gillinov_.html (cached)

Gosta B. Pettersson, M.D., Ph.D.

valve surgery; heart and lung transplantation; reoperations; endocarditis; complex coronary artery surgery; aortic and mitral
valve repairfreplacement (including the Ross procedure); and adult... Dr. Gosta Pettersson has performed 387 valve
operations at Cleveland Clinic since 1999,

http:/ftomcat’/html-content/pettersson PetterssonValveProc.html (cached)

Minimally Invasive

Isolated valve procedure CABG + valve procedure valve procedure +... VIDEO-ASSISTED MITRALTRICUSFID VALVE
PROCEDLIRE Video-assisted mitral/tricuspid valve surgery is a minimally invasive technigue enabling valve repair or
replacement to be performed without sternotomy.

hitp://tomcat/html-content/Minimally _Invasive .html (cached)




Intelligent Search

|heart valve repair
Scarch'

Semantic Search Results

A. Marc Gillinov, M.D.

A Marc Gillinov, M.D. Specialties: Minimally invasive mitral valve, aortic valve, and tricuspid valve surgery; mitral valve repair, surgical... Gillinov, M.D. has performed
125 heart-valve repair operations at

http:itomcat/ihtml-contentgillinov  GillinovHeartValveRepair.html icached)

Valve Disease

AN Repair or Replace + Cther AV Repair ol

Replacements AV = Aortic A. Marc Gillinov, M.D.
hitp:ftomcat/html-content™alve Disease

Specialies: Minimally invasive mitral valve, aertic valve, and tricuspid valve surgery;
Micholas G. Smedira, M.D. mitral valve repair, surgical treatment and minimally invasive surgery for atrial fibrillation;
Nicholas G. Smedira, M.D. Specialties: He offpump coronary artery bypass surgery; and high-risk mitral valve surgery.

replacermnent, offpump coronary artery byp . X X ) . }
http-ftomcathtml-content'smedira Rt Medical Degree: Johns Hopkins University School of Medicine, Baltimore, Maryland

Joseph E. Sabik 111, M.D. Special Training: Johns Hopkins University School of Medicine, Baltimore, Maryland

Joseph F. Sabik I, M.D. Specialties: Adult
surgery, off-pump coronary artery bypass s
httpeitomcat/html-content/sabik html (cacg

Eric E. Roselli, M.D.
Eric E. Roselli, M.D. Specialties‘ Adult care

A native Clevelander, Dr. Gillinov spent the summers of 1978 to 1980 dividing his time
between working at Cleveland Clinic and playing tennis. He still enjoys both activities.

Gosta B. Pettersson, M.D., Ph.
aocric and mitral valve repairfreplaceme
hitp:tomcat/html-content/pettersson b

5
0—-

This graph, based cn a smaﬁgsammfe panent data |5 given fol?:gemcnstrancn purposes only.

apted to query: Heart Valve repairs by Dr. Gillinov

Content adaptation: heart valve repalr




Intelligent Search

|coronary artery Search Soccancs ety e e, s e, nd g v s
earc e e e e i
e ey ey Srovs oy ek ol Vo S0y
Mo e ¥ ok s 4 Bt St Ve
Specal Traning Johns Hopkins University School of Medicine, Balimore, Maryland

A natve Clevelander, Or_Gillnov spent the summers of 1973 1o 1980 widing his tme.
between working at Cieveland Cinic and playing fennis. He st cnjoys boh achvises

Semantic Search Results Wm D e 15 et et o Chrd i e 1

A. Marc Gillinov, M.D.

Gillinow, M.D. has performed 316 coronary artery operations at the Cleveland Clinic... invasive mitral valve, acrtic valve, and tricuspid valve surgery
repair, surgical treatrment and minimally invasive surgery for atrial fibrillation: off-purmp coronary artery bypass surgery — | l . . I
http:ftomecat/html-content/gillinoy GillinovC cronaryArtery. html (cached) Tt graph, besed o' & smal'sariple o e Bota. 011 fo iaairason pupases any,

Nicholas G. Smedira, M.D.
and heart-lung transplantation, ventric _ TN ;
grafting, myectomy, recperations, an A. Marc G”lm oV, M.D.

httpitom catihtml-content'smedira .h|

Specialies: Minimally invasive mitral valve, aortic valve, and tricuspid valve surgery;
Gosta B. Pettersson. M.D.. P} mitral valve repair, surgical treatment and minimallg invalsive surgery for atrial fibrillation;
Adult acquired heart disease (includin off-pump corenary artery bypass surgery; and high-risk mitral valve surgery.

complex coronary artery surgery; acr
httpiftom catihtml-content/pettersson

Joseph F. Sabik [1l, M.D.
Joseph F. Sabik lll, M.D. Specialties: & A native Clevelander, Dr. Gillinov spent the summers of 1978 to 1980 dividing his time
surgery, of-pump coronary artery bypi between working at Cleveland Clinic and playing tennis. He still enjoys both activities.
httpiftomcatihtml-content/sabik html

Medical Degree: Johns Hopkins University School of Medicine, Baltimore, Maryland

Special Training: Johns Hopkins University Scheel of Medicine, Baltimore, Maryland

Coronary Disease

Primary isclated CABG refersto a sau

images... excellent long-term pate cy Gillinov, M.D. has performed 316 coronary artery ogerations atthe Cleveland Clinic Foundation since 1998.
http:itomcathtml-content'Coronal « L

=
Bruce W. Lytle, M.D. -
Bruce W. Lytle, M.D. Chairman, D pa 2
diseases, reoperations, diseases fth ES
httpiitomcatihtml-content/ytle bt al { # =
14
7
0

This graph, based cn a sma??gsammfe panent data |5 given fcrxgemcnstrancn purposes only.

Content adapted to new query: Artery repairs by Dr. Gillinov

ontent adaptation: coronary artery




3 EVENT 5> TEMPORAL-THING 5> PARTIALLY-TANGIB
—_—

(Va, b) a< EVENT A b e EVEN
causes( a, b) — precedes( a, b
Core

Theories

- == (Vm,a) m e MAMMAL A a e ANTHRAX =
Domaln-SpeCIflc causes( exposed-to( m, a ), infected-by( m, a

Theories

Very specific information

indi : ist FtLaudHolyCrossERCase#40
(some indirect, via SKSI) ( y

(caused CutaneousAnthrax
(SkinLesions Ahmed_al-Hazna

First Order Predicate Calculus: unambiguous; enable mechanical reasoning

Na— " Higher Order Logic: contexts,
predicates as variables,

| nested modals, reflection,...

|_‘v’x.Ely, Amer(x) = mother(x,y)

Formal Representation for Reasening

@
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ERysicdll Orgamzational| Human|
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Naturall

Geography) Planis

Hulidizal Business & Politics Dations N
Covanny /. Beoms  Ariomy estions) Commeres  Wanrs  Sormmerts

4 Emotion Human G Sports -
! . roducts Conceptual % < Purchasing " Professions
Weather, = Perception Behavior & " S - Recreation :
Uuulzes s Belief Actions Shopping Entertainment. Yszugatlung

Mechanical Software Social Business,
& Electrical| Literature.  Language  Relations. bl Trausgurtatiun Trasl Wilitary, -
Devices Works of Art. Culture. eflemaid " ik

General Knowledge about Various Domains

Specific data, facts, and observations



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 ...

@ Simple Language, MANY terms




Is it attached to the
inside of the outer object?

— Yes -- Try
#$connectedTolnside

Can it be removed by pulling, if
enough force is used, without
damaging either object?
— No -- Try #$in-Snugly
or #$screwedin

/ Does the inner object
stick into the outer object?

‘ -Yes — Try
\ #$sticksinto ‘

_

*

Senses of "In’




Does part of the inner object If the container were

stick out of the container? turned around could
the contained object
None of it. . fall out?
#$in-ContCompletely ‘ '
Yes

Yes #$in-ContOpen

#$in-ContPartially

No
#$in-ContClosed

FOF IINiErenca@s
@ Senses of “In’

Cycorp © 2008




[ First Order .

e(isa ASBFinancialCorp PubliclyHeldCorporation)
o(corporateOfficers ASBFinancialCorp GeraldRJenkins)

With Context

eIn Mt : FinancialTransactionMt
(relationAllExists performedBy RepurchaseProgram PubliclyHeldCorporation)

eIn Mt: FinancialTransactionMt
(forAll ?X (implies

(isa ?X RepurchaseProgram)

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

Second Order

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

Modal |

o(beliefs Israel (relationInstanceExists possesses Syria ClusterBomb))

m Meta

e(opaqueArgument beliefs 2)

Syntactic Power




<concept uri="http://sw.opencyc.org/concept Mxdr8qgkx XAW-QdmV 1JNLSSEvIA"/>

g </concepts>




Logistics

OpenCyc (Current): [ http://sw.opencyc.org/concept/Mx4r8glkedAW-QdmyV1INLESFyYIA ]
OpenCyc (Versioned): [ http://sw.opencyc.org/2008/06/10/concept/Mx4r8qkx < AW-QdmV 1INLESFyIA ]

OpenCyc Collection: shipping container

Unique ID: [ Mx4r8glocXAW-QdmV1INLSSFyYIA ]
English ID: [ LargePortableCargoContainer ]

English Aliases: [ "cargo container”, "cargo containers”, "portable cargo container"”,
"portable cargo containers”, "shipping containers" ]

A specialization of StorageConstruct. Each instance of LargePortableCargoContainer is a
large (usually about 40" ¥ 8" x 8" metal container used for shipping large guantities of
goods across land (e.g., on a large truck) or overseas (e.g., on a cargo ship).

A Type of: storage device

Instance of: spatially disjoint object type, type of object
Subtypes:

Instances:

Same as:
http://umbel.org/umbel/sc/LargePortableCargoContainer




Search at sw.opencyc.org

- - OpenCyc (Current): [ http://sw.opencyc.org/concept/Mx4r8glocaW-QdmyV 1INLSSFyIA ]
OpenCyc (Versioned): [ http://sw.opencyc.org/2008/06/ 10/ concept/Mx4r8gkxXAW-QdmV LINLSSFyIA ]

|shipping | | Search|

OpenCyc: shipping (20 concepts) X

|3

shipping [HiringForworkonAship] T
A collection of events; a subcollection of EmployeeHiring. In each HiringForWorkOnAShip, 'ntainer

somecne hires someone else for work on a ship.
http://sw.opencyc.org/concept/Mx4rOlWkergmEdmAAAAC=6hR]g

shipping cargo container",
Shipping of objects from one physical location to another. Shipping from the perspective of
being done as a dedicated service, such as what UPS, the US Postal Service, or Dominoes | 4
Pizza Delivery might do. leCargoContainer is a large (usually
http://sw.opencyc.org/concept/Mx4n/ienSwpEbBGdrcNSY29ych fies of goods across land (e.g., on a

shipping address [ShippingAddress]
A specialization of MailingAddress. Each instance of Shipping&ddress is a mailing address

which does not include a P.O. Box number. Typically then, a shipping addresses includes a
street name and number and often an apartment or suite number. For example: "3721
Executive Center Drive, Suite 100, Austin, TX 78731', the shipping address of Cycorp.
http://sw.opencyc.org/concept/Mx4n Ry ZwpEbGdrcNSY 29y ch

shipping-receiving clerk [shipping and receiving clerk]
The collection of all shipping-receiving clerks. A type of DeskWorker. Shipping_ReceivingClerk

is a PersonTypeByOccupation.
http://sw.opencyc.org/concept/Mx4rv\VjdMIwpEbGdrcNSY29ycA

shipping and receiving department [ShippingAndReceivingDepartment] Copyright © 2001-2008 Cycorp, Inc.
A specialization of Department. Each instance of this collection is an organization's
centralized office for dispatching {(material) items to the outside world, and also accepting @ T
them as they come in.
http://sw.opencyc.org/concept/MxdnVkLcZwpEbGdrcNSY 29y ch

<|I' } : -- 11 3




Search at sw.opencyc.org

OpenCyc (Current): [ http://sw.opencyc.org/concept/Mx4rvVion5wpEbGdrcNSY29ych ]
OpenCyc (Versioned): [ http://sw.opencyc.org/2008/06/10/concept/Mx4rvVjenswpEbGdrcNEY29ych ]

Ishipping ] [[scarch]

shipping |

A collectic

OpenCyc Collection: shipping

Unique ID: [ Mx4rvVjon5wpEbGdrcN5Y 29ycA ]
English ID: [ Shipping ]
English Aliases: [ "had sent”, "had shipped", "has sent”, "has shipped", "have sent",

shipping "have shipped", "send"”, "sending", "sends", "sent", "ship", "shipment", "shipments",
Shipping o "shipped”, "shipping event”, "shipping events", "ships", "will have sent”,

being dons "will have shipped”, "will send", "will ship” ]

someone |
http://=w.of

Pizza Deliv

http://ew.of Shipping of objects from one physical location to another. Shipping from the perspective
of being done as a dedicated service, such as what UPS, the US Postal Service, or

shipping : Dominoes Pizza Delivery might do.

A specializ

which doe
street nan A Type of: delivery service, ride, transportation of materials

Executive Instance of: temporal object type, transportation- topic, type of durative event
http://sw.op Subtypes:

shipping- Instances:
_The collec wikipedia:
is & Persol http://en.wikipedia.org/wiki/Shipping

http://sw.op Same as:

sh iQQir‘I (s ] http://www.w3.0rg/2006/03/wn/wn20/instances/synset-transport-verb-4

A specializ http://dbpedia.org/resource/Shipping

http://umbel.org/umbel/sc/Shipping
http://www.w3.0rg/2006/03/wn/wn20/instances/synset-transportation-noun-5

corp, Inc.

centralize
them as tl
http://sw.of

Copyright @ 2001-2008 Cycorp, Inc.

\\\



Search at sw.opencyc.org

OpenCyc (Current): [ http://sw.opencyc.org/concept/MxdrvXjYISwpEbGdrcNSY 29y cA ]
OpenCyc (Versioned): [ http://sw.opencyc.org/2008/06/10/concept/Mx4rv¥jYISwpEbGdrcN5Y29ycA ]

| |

OpenCyc Collection: toll route

Unique ID: [ Mx4rvXjYISwpEbGdrcN5Y29ycA |
English ID: [ TollPathway ]
English Aliases: [ "toll pathway”, "toll pathways", "toll routes”, "toll-road", "toll-roads" ]

A collection; a specialization of Path_Customary. An instance of TollPathway is a path for
the privilege of traversing which a fee must be paid.

A Type of: route
Instance of: type of object, type of temporally stuff-like thing
Subtypes:
Instances:

Same as:

Copyright @ 2001-2008 Cycorp, Inc.




Search at sw.opencyc.org

OpenCyc (Current): [ http://sw.opencyc.org/concept/MxdrvXjYISwpEbGdrcNSY 29y cA ] ':' :
OpenCyc (Versioned): [ http://sw.opencyc.org/2008/06/10/concept/Mx4rv¥jYISwpEbGdrcN5Y29ycA ] :

!

COpenCyc (Current): [ http://sw.opencyc.org/concept/Mx8Ngh4rv3tMriwpEbGdrcN5Y 29ycB4rvVizgZwpEbGdrcN5Y29ycA ]
OpenCyc (Versioned): [ http://sw.opencyc.org/2008/06/10/concept/Mx8Ngh4rv3tMriwpEbGdrcN5Y 29y cB4rvVizgZwpEbGdrcNSY29ycA ]

& | [ search]

OpenCyc Collection: truck driving

Unigue ID: [ Mx8Ngh4rv3tMrlwpEbGdrcNSY 29ycB4rvVizgZwpEbGdrcNSY29ycA ]
English ID: [ (TransportViaFn Truck) ]
English Aliases: [ "had trucked”, "has trucked”, "have trucked"”, "transportation by means of trucks", "truck”,

"trucked”, "trucking”, "trucks”, "will have trucked”, "will truck” ]

A Type of: motoring

Instance of: skilled activity, type of vehicle classified by intended use

Subtypes:

Instances:

Same as:
http://www.w3.0rg/2006/03/wn/wn20/instances/synset-truck-verb-1

Copyright @ 2001-2008 Cycorp, Inc.




Search at sw.opencyc.org

OpenCyc (Current): [ http://sw.opencyc.org/concept/Mx4rSbwOIPpYEdgAAAACSTIDGED ]
OpenCyc (Versioned): [ http://sw.opencyc.org/2008/06/10/concept/Mx4rSbwOIPpYEdgAAAACST1DGQ ]

|

OpenCyc Collection: loading a vehicle

Unique ID: [ Mx4rSbwOIPpYEdqAAAACS71DGQ |
English ID: [ LoadingAVehicle ]
English Aliases: [ "had loaded a vehicle", "has loaded a vehicle”, "have loaded a vehicle”,

"load a vehicle"”, "loaded a vehicle", "loads a vehicle”, "will have loaded a vehicle”,
"will load a vehicle" ]

The collection of instances of Loading in which the toLocation is a vehicle.

A Type of: loading, putting something into something else
Instance of: type of temporally stuff-like thing
Subtypes:
Instances:

Same as:

Copyright @ 2001-2008 Cycorp, Inc.



Inferred Index °rderby:predicate ontole i
filters : predicate ontolo

index view : inferred legz

Shipping on the term

Collection : Shipping =

for

> Browsing

* Editing isa : ¥DurativeEventType < TemporalObjectType
isa -@ Transportation-Topic

All Assertions (2646)] ™ openal

guotedIsa : 9 DensoOntologvConstant

: wa&rgpgg (46) . _ quotedIsa : ¥ResearchCvcConstant-EventTvpeOK WRTRoles @ PublicConstant @ CveSecureFORT
. via ConveyingMaterials ¢4) = | | genls : % (TransportViaFn TransportationDevice) #ConvevingMaterials “DelivervServiceEvent
> v — s"_mm mFﬂ_ Tms‘_}_mahmne“ce‘ 22 7 | comment : 9" Shipping of objects from one physical location to another. Shipping from the perspective of being done
o MaterdlHandlog ) as a dedicated service, such as what UPS, the US Postal Service, or Dominoes Pizza Delivery might do ”
> ‘WM (33_” cvcSubjectClumps : 9 Transportation-CSC
,, Vi DicctedTranlation (19 genStringAssertion :? @ (verbSemTrans-Canonical Ship-TheWord 0 IntransitiveVerbFrame Shipping
> vaon_ve\m_;g—GenJ ‘??”_. (TheList transpottees))
via Translation-Complete (3 @@ (verbSemTrans Canonical Ship-TheWord 0 TransitiveNPFrame Shipping

¥ via Causing AnotherObjects TranslationalMotion (

(TheList performedBy transportees))

> via Translation- SingleTrajectory (%) genStringAssertion :? @ (denotation Ship-TheWord Verb 0 Shipping)
> via ControllingAPhysicalDevice (3 inTopic : ¥ Transportation- Topic
> via Movement- TranslationEvent (/%) Bl ® (aonDavidsonianPredTemplate Shipping TransiiveNPFrame
> via ControllingSomething (4) (TheList performedBy primaryObjectMoving)
¥ iaServiceEvent (1) (and
» via Translocation (7) isa -ACTION Shipp
: via HelpingAnAgent (3) (performedBy -ACTION -SUBJECT)
via MovementBvent (7) _ (primaryObijectMoving -ACTION -OBJECT)))
> via MovementOrShapeChangeEvent (19) ® (aoaDavidsonianPredTemplate Shipping TransitiveNPFrame

> via GeneralizedTransfer (3) (TheList performedBy transportees)

¥ ia HumanActivity 5) (and
¥ ia PurposefulPhvsicalAction isa ACTION Shipping)
> via ActionOnObiect (3) (pecformedBy -ACTION -SUBJECT)
: via AnmalActivity (3) (transportees -ACTION :OBJECT)))
via AnimateActivity  (3) ® (nonDavidsonianPredTemplate Shipping IntransitiveVerbFrame

¥ via InteligentAgentActivity %)

{TheList transportees)
¥ ia SocialQOccurrence (i1) (and
> viaPhysicalEvent ) B isa ACTION Shipping)

EHEeN

ESER




Inferred Index °rds Py predeate ontol

filters : predicate ontola
mndex view : inferred legz:

. - DKWRTRoles @PublicConstant @ CvcSecureFORT
» Browsing ™ Editing i 28 * ConvevingMaterials <DelivervServiceEvent

al location to another. Shipping from the perspective of being done
15 2 UPS, the US Postal Service, or Dominoes Pizza Delivery might do."

A]] ASSEII]DHS {?IEJE’J H Qmﬂ U W anonical Ship-TheWord 0 Intransitive VerbFrame Shipping

¥ via Shipping (46) '

» via ConvevingMaterials (<) Boporey)
LRt (TransportViaFn TransportationDevice) (22) |= | i Vi 0 Shvome)
» iz MaterialHandling 5 S

® ia TransportationEvent 33 |

® via DirectedTranslation (74) -

» iz Conveving-Generic 27 n

® ia Translation-Complete ¢5)

LRt CausmngAnotherObjects Translationalhlotion ¢

» iz Translation-SingleTrajectory  /9) .

» +ia Controlling A hvsical]}evi::e 3 eV ebFrame

> via PhysicalEvent. (9 n " tsa ACTION Shipping)

RIEDzesSentatlon
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@ Automatic Term Learning



#$Warehousel3-TelevisionSeries
#$RyanReynolds-TheActor

on the term #$DonRevie-SoccerCoach

isa : @ TemporalThing #$BridgetPowers-ActorThatIsAlsoAnAdult

isa: @ MiitaryConflictEvent #$TheSuiteLifeOnDeck-TelevisionSeries
@ (codeMappine DBFedia-CWLE "<http /fdbpedia orglresor # $ C h e I se3 F C

definiteDescriptions : @ "the Franco-Prussian War"
nameString : ¥ pRanskan—Preussin sotax 1t $ Sto rmin g OfTh eBasti I I e

e riP WOl 5 TheColoradoKid-Book
EE::EE: 9 "Guema franco-prussiana® #$EmileHeskey-SoccerPlayer
nameString : @ "Frans-Duts ‘TravisWall-Person
nameString : BlSE. I, # $BeezusAndRamona-Book
“Wona franr'lzl ko-pruska" #$UFC116
R /- S CherylCole-TheMusician
»Ppamre-npycckaa sefina 1870—1871¢
*Guerra Franco-Prusiana’ #$JamesGammon-Actor
: _"Ffm_l%k-tfskﬂkﬁsﬂt" | - $EdMiliband-ThePolitician
T ——— e 7+ S GeorgeSteinbrenner-FamousPerson
sikipediaArtcleName : 3 Franeo-Prisn_ar #$AleksandarKolarov-SoccerPlayer
#$SonsOfAnarchy-TelevisionSeries
#$ScottPilgrimVsTheWorld-Movie
# $PrettyLittleLiars-Book

@ A@ﬁ@ﬁﬂ@ﬁﬂ@ 1 #$VicenteDelBosque-SoccerCoach

#$MakeltOrBreaklIt-TelevisionSeries
HEAAAarall

Individual : Franco-PrussianWar & |

J_LtLLLLLLLLLL




ERUDITE

Reasoning from Triple Store Data

B

Queries

newspaperinCity(<Newspaper>, <City>) English or SPARQL

Predicate : newspaperInCity-SKSI g

Mt : UniversalVocabularyMt
isa: FPredscate 9 CoenstngObyectsPredicate @ CotemporalPredicate

What media might reach European

gy i e Space Agency executives?
arg2lsa : 9City
Mt : CMUReadTh

InCity-SKST Ch WebOntology )

¥ Semantic Web URIs 4
atest OpenCye  hitp //sw opencyc WaSiaEd-ViQAlmOKILA '

Knowledge from triple
store answers queries

Answer:
Le Monde
Le Figaro

zsw;perlgﬂtzmsz 103 newspaperincity(Le Monde, Paris) after being combined

with existing knowledge
and inference rules.

teredin 8 34 head din(NASA, t ) Carveie el

VIQARMOKILA> .

headquarteredin 37 132 head teredin(NASA, Washington) CarnegieMellon
055317

055317 <http:/iwww.cye.comiextemal/MRirelation> <http:/isw.opencyc. orgconceptMxdtWgR7mCxgEd-VIQANMOKILA> .
Zb55317 it

“b5531

newspaperlnCity(Le Monde, Paris)

incity 19 39 incity(Washi Times, hi CoRip
cye. rg1> <http://sw.opencyc. QdiYEfsxTW1S_Q> . (newspaperinCity-SKS|
cye. http://sw.opencyc. iri A> .
e (ResourceWithURIFn
= m:mﬂiﬁn’ww.cyc.cawmemmwamb 20y p:// /CMUReadTheWebO Le%20Monde”)
CityOfParisFrance)
cye. cyc.com. i 5
AQdiYEfsXTW1S_Q> . 5
i i Trlples translated EuropeanSpaceAgency ¢
. . Monadic Mt : WorldGeographyMt
Read WorldGeographyMt
iits into CycL using Time Interval  (TimeIntervallnclusiveFn (YearFn 1975) Now)
L™ ontotext! o ?hne Parameter : TimePoint
T L \ et SRR
rules hasHeadquartersInRegion : ¥ CityOfPanisFrance

internationalOrganizationMemberCountries :
9Belgum @ Germany 9Denmark France
9 Unite dK ingdomOfGreatBritamAndNorthemlreland taly @Netherlands
9 Sweden @ Switzerland @ Spain

Shared representation of reading results e ® kiplniotlsame < Epen Spce A

(hasHeadquartersinRegion 7ORG 7PLACE) Mt : EnglishMt
(mrHasHeadquartersInRegion ?ORG ?PLACE)) nameString : ¥ “European Space Agency"

stored in triple store. T ey

(and
(auExtemalRelation 7BNODE myHasHeadquartersInRegion)

(auEstemalArg] 7BNODE ?ARG1) Other KnOWInge

(mrExtermnalArg? 7BNODE ?ARG2))

(ucHasHeadquartersluRegion PARG1 TARG2) Existing knowledge from Cyc KB or
other external sources is combined
\ with read knowledge to answer

questions.
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The Mississippi River

General:

The Arkansas Biver, the Red River, the Ohio River, the Tennessee Eiver, the Missouri River, the St.
Francis River, and the Wisconsin River are a tributary of the Mississippi River.

The Mississippi River is a large body of water and a river.

The Mississippi River is in North America and the United States. The Mississippi River is in the United
States.

The Mississippi Eiver empties into the Gulf of Mexico. The Mississippi Eiver borders on 5t. Louis, MO.
Miscellaneous:

Comment: The chief river of the North American Continent and one of the wotlds great rivers. The
Mississippi River generallv moves due south. It temporally contains the time period between 3001 B.C. and
the Twenty-First Century A D Mississippi is named after the Mississippi River.

The Mississippi Eiver has been adjacent to Louisiana State Penitentiary since 1880.

How was this page created?
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The Mississippi River

General:

The Arkcansas Biver, the Red River, the Ohio River, the Tennessee Eiver, the Missouri River, the St.
Francis Rj‘i,l"ﬂ[ and the Wisrancin River are a tribotary of the Miccizomed Bnoer

The Mississippi River it L

States.

The Mississippi River & Carbon
Miscellaneous: Basic:

Comment: The chief riv Carbon is a type of non-metallic element.

Mississippi River gener Documentation:

o it Comment: A piece of carbon; here on Earth, this is of course usually a solid, but it needn't necessarily be.
The Misssippi Brverl] structure:

Some carbon is a constituent of all steel and all gunpowder.
— Every organic compound has some carbon as a proper physical part.

Miscellaneous:

A diamond, wood coal, and graphite are a type of carbon.

A possible valence of carbon is 4 and -4.

4 and 2 are possible oxidation numbers for carbon.

The atomic mumber of carbon is 6.

The atomic weight of carbon is 12.0107 atomic mass units. Every carbon metabolic event destroved some carbon.
Carbon 14 is isotopes of carbon.
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The Mississippi River

General:

The Arkcansas Biver, the Red River, the Ohio River, the Tennessee Eiver, the Missouri River, the St.
Francis Rj‘i,l"ﬂ[ and the Wisrancin River are a tribotary of the Miccizomed Bnoer

D Moot inCvt
inCy¢€

1 The Roman Empire

tt Documentation:

T Comment: The geopolitical entity known as the Roman Empire (27 BC -- 476 AD).
General:

| The Roman Empire is an empire. The capital city of it was Rome_Italv. Lusitania is part of The Foman Empire.

Affiliations:
Lusitania is part of The Roman Empire.
Everv ancient Roman is a citizen of The Roman Empire.
The capital city of The Roman Empire was Fome_ Italy.
Miscellaneous:

Emperor Augustus is a citizen of The Roman Empire. The concept "Jesus of Nazareth” is conceptually related to the
concept "The Roman Empire”. It was made in all object of art from The Roman Empire_ It ended in 476.

How was this page created?
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Slovenia

The

General:
The Arlcansas Biver, the Red Rive

Francis River, and the Wisronsin 1 General:

Liubljana, Slovenia, Koper, Slovenia_ Ljubliana, Slovenia, Portoroz, Slovenia, and Maribor, Slovenia are in Slovenia.

The Mississippi River is e e
The Mississippi Erver 1= Brezovica is a geopolitical subdivision of Slovenia. Slovenia has been a geopolitical subdivision of the European Union since the
g beginning of May 2004. Bohinj is a geopolitical subdivision of Slovenia.  Bohinj and Brezovica are a geographical subregion of Slovenia.
= Slovenia is an elected member of the Security Council, a Balkan country, and an eastern European countrv.
T + Ttaly is west of Slovenia.
h + Slovenia is west of Hungary.
¢ Slovenia is northeast of [taly. The capital city of it is Ljublana. Slovenia is south of Austria. Slovenia was a geopolitical subdivision of
Yugoslavia after 1922 and before 1992.
A Group Membership:
tt Documentation: Slovenia is a member of the United Nations.
- . Affiliations:
T Comment: The geopolitical entit \\ , Slovenia, Koper, Slovenia, Liubliana, Slovenia, Portoroz, Slovenia, and Liubliana, Slovenia are in Slovenia.
G-E ne ral . + Brezovica and Bohinj are a geopolitical subdivision of Slovenia.

L. 3 + Slovenia has been a geopolitical subdivision of the European Union since the beginning of May 2004.
The Roman Empire is an empiri  « Slovenia was a geopolitical subdivision of Yugoslavia after 1922 and before 1992.

Affiliations: P e A
Lusitania is part of The Roman = Miscellaneous:
. . e Slovenia is inhabited by manv Croats, Slovenes, and Serbians.

Every ancient Roman is a citizet g .o among the national languages of Slovenia. The concept "Slovenian” is conceptually related to the concept "Slovenia”.
The Capﬂa] mt}r of The Foman I Slovenia's telephone country code is 386. Muslim people are one of the primary types of people inhabiting Slovenia. Slovenia is obliged

. to follow the Universal Declaration of Human Rights. Slovenia bought goods or services from Algeria in 1997.
Miscellaneous: e e o]
E]]]pE‘IDI Aﬂgﬂﬂtﬂﬂ :IS- a CCItIIEl] {Lmember of the Security Council after 1997 and before December 31, 1999.

concept "The FRoman Empire". It was made m all object of art from The Roman Empire_ It ended in 476.

How was this page created?
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The United Arab Emirates

lciva]ia_
BASIC DATA
. DATE
DICATE JALUE IC
I PREDICATE VALUE RANGE e

Chief Ports Dubai always

Abu Dhabi, the United
Capital city ' b Emgirates

Land Area Of
Region 75,581 square kilometers always

Pr t Arabic always
Language

Government Tvpe federation government always
Neighbor Saudi Arabia
Neighbor Oman
Neighbor Qatar
Abu Dhabi, Dubai, Ajman, Sharjah, Dubai, Ras al Khaymah, and al fujayrah are in the United Arab Emirates.
The United Arab Emirates is south of the Tumbs Islands. Qatar, Das Island, Abu Musa, and Qeshm. The United Arab

always

How was this page created?
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South Korea

/// \'%t
B

%
%

BASIC DATA

I PREDICATE VALUE

Predominant
Language
Neighbor North Korea always

Seoul. the Republic

the Korean langnage always

pital city of Korea always

Pusan. Korea Eepublic of Taegu-jikkhalsi Korea Republic of, Kunsan Korea Eepublic of, Seoul. Korea
Republic of, Mokpo. Korea. Republic of, Ulsan. Korea. Republic of, Inchon. Korea. Republic of, and 3
other cities in South Korea are in South Korea.

South Korea is an elected member of the Security Council, an independent countrv, an industrialized country,
and an East Asian country.

® South Korea is west of Japan
*® (China is west of South Korea.




Frand Seoul, Korea, Republic of is a city in South Korea and a capital

Hﬂﬁﬂ?l—'llfﬂ??

S

' - T

e M Seoul is the capital of South Korea. Seoul, Korea, Republic of is in South Korea.
e M Seoul, Korea, Republic of's latitnde is 37 56639862060547 degrees. Seoul, Korea, Republic of's
longitude is 127 degrees.

Miscellaneous
Some subway is located in Seoul, Korea, Republic of In 1994, Seoul, Korea, Eepublic of had a

population of 9204 344 peop]e_al Seoul, Korea, Republic of s population was 9,204 344 in 1994

Manually Written Notes
The #ScapitalCity of SouthKorea.

‘ﬁ the CIA World Factbook: 1995 edition

2 =

Technical Details blic of Seoul. Korea

Lo This page was automatically created by Cyc using automated reasoning and natural language processing. |, ublic of and 3
Crc first learned about Seoul, the Eepublic of Korea on November 29, 1987, The Semantic Web URI ]

Ew: . . . ; ,
T f Seoul, the Republic of Korea is: hitp//sw_opencyc.org/concept MxdrvViXhIwpEbGdrc NS Y29vc A industrialized country,
and an East Asian country.

® South Korea is west of Japan
*® (China is west of South Korea.
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Republic of the Cohgo

BASIC DATA

| PREDICATE VALUE DATE RANGE

Predominant Langunage French always
Government Type people's republic always
Capital city Brazzaville. Congo always

Neighbor Cameroon always

Neighbor Angola
Neighbor Gabon

Neighbor Democratic Republic of the Congo
Neighbor Central African Republic




Facts and Rules (from 1998, 2003) Republic of the Congo is a member of

@rgan zation of African Unily, Ehe
United Nations, and Afrlcan Union’

Mt : InternationalOrganizationDataMt
(internationalOrganizationMemberCountries

AfricanUnion Congo-Brazzaville)
(internationalOrganizationMemberCountries
UnitedNationsOrganization Congo-Brazzaville)

(implies (and
(isa ?COUNTRY IndependentCountry)
(territoryOf 2COUNTRY ?LAND)
(geographicalSubRegions ContinentO
?LAND))
(internationalOrganizationMemberC

OrganizationOfAfricanUnity ?COUNTRY)

<

Automated Reasoning e 8

(implies (and
(isa ?COUNTRY IndependentCountry)
(territory0f ?COUNTRY ?LAND)

(internationalOrganizationMemberCountries
OrganizationOfAfricanUnity ?COUNTRY)) in
InternationalOrganizationDatalt
(territory0f Congo-Brazzaville

TerritoryFn Congo-Brazzaville)) in
WorldPoliticalGeographyDataVocabularyMt
(properGeographicalSubRegions ContinentOfAfrica

TerritoryFn Congo-Brazzaville)) in
UorldGaographym GENLPREDS (gaanrads
Pr phical ions geographical ions)
in Intarnuionnlorganizatlonbataﬂt

:ISA (isa Congo-Brazzaville IndependentCountry) in
InternationalOrganizationDatalt

Knowledge for People

epublic o the Congo

'A

Pool. and Bouenza arc a ion of Republic of the Congo.
Niari, Kouilou, Bouenza, Likouala, Cuvette, Plateaux, and 3 others are a geopolitical subdivision
of Republic of the Congo.

Brazzaville, Cuvette, Plateaux, Sangha, and Lek area of Republic of the
Congo.

-
° gmm—ﬂlg@
© and Democratic Republic of the Congo
border on Republic of the Congo.
* Republic of the Congo borders on Cameroon.
* Gabon and Angola border on Republic of the Congo.

Republic of the Congo is an African country, a people's republic, and a republic.
* Republic of the Congo is east of Gabon.
¢ Democratic Republic of the Congo is east of Republic of the Congo.

General:




" People

#(iza occupation BioDataPredicate)

< (1za dateOfDeathEvent BioDataPredicate)
#(iza placeOfDeath BioDataPredicate)
“(iza cibizens BioDataPredicate)

#(1za ethoicity BioDataPredicate)

“(iza barthPlace BicDataPredicate)

“(1za dateOfDeath BioDataPredicate)
#(iza bithDate BioDataPredicate)

Agent Location

Mt : BasekB
Direction : Backsward
@ (implies
{and
{genlPreds YSPEC hasBeenln)

(st-Asserted 7T
(7SPEC 7ARG1 TARG2)))

{amentLocationData=entence TARG]

(ist 70T
(7SPEC 74RG1 7ARG2)))

What goes on a inCyc Page?

Agent Affiliation
@ (implies
{and
{genlPreds YSPEC affiliate d'With)

{1at- Aegerted ThAT
(YSPEC TARGT TARG2)

{amentAffhationDatazentence TARG2
{1zt “IAT
(TSPEC TARG] TARG2)))
@ (implies
{and
{genlPreds YSPEC affiliate d'With)

{1at- Aegerted ThAT
(YSPEC TARGT TARG2)

{amentAffhationDatazentence TARG]
{1zt “IAT
(TSPEC TARG] TARG2)))




ﬁm@y@ HTML Production Rules

@ (imnples
{and
fiza "PEED BasicDataPredicate)
{riniF actSheetFlagHtml YTOPIC TFLAG-IMAGE-HTIWL)
{("PEED "TOPIC TDATA)
{evaluate YFLAG-DATTI
(HTIIL TableDataFn
{Thelist
{TheList Eowspan-HTMWL TagAtinbute 3)) TFLAG-INMAGE-HTMLY)
fevaluate YEOW
(HTMLTableEowFn TheEmptyList "FLAG-DATUM YEOW1Y)
fevaluate YEOW1
(HTMWL TableDataFn TheEmptyList
(BasicDatumParaphraseFn
(IthInListEn TDATA 1) 71T
{evaluate YEOW 2
(HTIL TableE.owEn TheEmptyList
(HIMIL TableDataFn TheEmptyList
(BasicDatunParaphrazeFn
(MthInListFn TDATA 2 ")
fevaluate YEOW3
(HTMWIL TableE.owEn TheEmptyList
(HTM L TableDataFn TheEmptyList
(BasicDatunParaphraseFn
(MthInListFn TDATA 2 TR0
{evaluate "TABLE
(HTILTableFn TheEmptyList TEOW TROW2 TEOW 3N

(basicDataHTML YTOPIC YIIT YTABLE))







() sioporta SIOWsE = i A S e The Open Biological and Biomedical Ontologies

MedDRA Version 120

The OBO Foundry is a invalving of based who are a set of principles for
ontology development with the goal of creating a suite of orthogonal interoperable reference ontologies in the biomedical domain. The
i @ s i SIS w e Nates (©) Mappings @& e — groups who have an interestin this goal are listed below, followed by other relevant efforts in this domain.
send @ . this site also provides a statement of the OBO Foundry principles, discussion fora, technical
Jump To |Ge) Lecend &
" — D 10031285 litate ontolagy development. We welcome feedback and encourage participation
-
& Metabolism and nutrition disorders i by that column. The g3s link to the term request rackers for the listed ontologies
=+ Musculoskeletal and connective tissue disorders Full 1d: huo:/ /purl.bioontoloay.ora /ontoloay /MO
= Bone disorders (.exc\.congemlaland fractures) Synonyms: Osteoporosis postmenopausal OBO Foundry ontologies
[# Boneand joint infections iexcl arthritis) — Profi o ast chanaed
main refix i st chang
# Bone disorders NEC Mps 10028395 —— — —
#- Bone related sians and symptoms ::ﬂsi:a' Go ene_ontall edit.obo 2011/04/19
- i Par: Bone metabolism disorders
1 Epiphyseal disarders anatomy GO gene ontology_edit.obo 2011/04/19
= Metabolic bone disorders M Menopausal effects NEC o T =
iochemist; CHEBI chebi.ol 2011/04/05
Boneatrophy Metabolic bone disorders ey
Bone metabolism disorder ?'°';9“=E' Go ene ontology_edit.obo 2011/04/19
- Dwarfism Rag Osteoporosis postmenopausal gection
. phenotype PATO quality.obo 2011/04/18
- Hiah turnover osteopathy 5, tic T Di Synd
emantic Type isease or Syndrome Broteins PR pro.obo
- Hunary bone syndrome t XAQ D tomy.obo 2009/12/02
R i
Low turnover osteo pathy Synonym Lt: Osteoparosis postmenopausal gnatomy LENOOUS angomy. o
Zebrafish anatomy and development  anatomy ZFA zebrafish_anatomy.obo 2011/03/16
~ Osteody strophy Ti To47
. ui: - -
- Osteolysis 0OBO Foundry candidate ontologies and other ontologies of interest
- Osteomalacia Umls Cui C0029458 Title Domain Prefix File Last changed
Osteopenia
o Adverse Event Reporting health =
sleoporosis Ontology
- Osteoporosis circumscripta cranii Amphibian gross anatomy. anatomy AAO amphibian_anatomy.obo 2008/06/19
- Osteoporosis postmenopausal Amphibian taxonomy anatemy ATO amphibian taxonomy.obo
Renal osteodystrophy Hippocampus CA1 ivy neuron Anatomical Entity Ontology anatomy AEQ aso.obo 2011/01/17
- Renal rickets phi pe ontolegy  phenotype APO ‘ascomycete phenotype.obo 2011/03/28
- Resarption bone increased ADVANCED THE NEURDSCIENCE LEXICON Basic Formal Ontolog upper BFO 11
- Rickets . . [ilatena anatomy anatomy BILA bilateria mrca.oba
Senile osteaporosis = Name: Al ivy neuron | Biological imaging methods experiments FBbi image.obo 2010/09/29
Ivy cells are highly abundant GABAergic interneurons when compared to basket,
Cannective tissue disorders xcl congenital) bistratified, or axo-axonic cells. “Tvy” cells are named after their dense and fine axons BRENDA tissue / enzvme source  anatomy BTO B
innervating mstly basal and oblique pyramidal cell dendrites. They express nitric C. elegans development anatomy WBIs worm_development.oba 2008/01/31
: |oxide synthase, neuropeptide Y, and = my WBbt WBbt.obo g 2011/03/26
BMC and they are also identified as slow- r
Medical Genetics excitability of pyramidal cell dends pe WEPhenatype worm_phenotype.obo 2011/03/30
rgic inputs. cL cell.obo 2010/11/04
This article is part of the supplement: The Framingham Heart Studv 100.000 vy cell, ivy call pe TO lant trait.cbe 2011/03/26
Intrinsic neuron role E TS cheminf.onl
Research 0pen Access | neuron
” res . T CARO caro.obo @ 2010/06/24
Genome-wide association with bone mass and geometry in Welcome to the ===
the Framingham Heart Study e toalba P et al,, 2008 Framingham Heart Study Testing Treatments in &
S Tube: Induced Pluripotent
Douctas P el @, Sekalem Demiesie? 1, Josée Duputs B Kathryn L Lunett B Joaane H Harabts? 18367092 In 1948, the Framingham Heart Study Stem Cell Research (IPSC) is -
and David Karasiki \ o 29
3 Hebrew Seniorlfe instiute for Aging Research and Harvard Medical School, Boston, MA, USA - | Ly cmbarked on an ambitious project in heakth ';:""’” ‘:"""“"1 '“'::‘:’
2 Department of Biostatstcs, Boston University School of Public Health, Boston, MA, USA Al D changing ordinary white bloo
3 Seion of Ganara Intamai adina, Boion Unvereey Schoo! o Hedicin, Gostn, M, USA | [ kb G cmnmtenn e CECATCIIL -1 2p21 12024
4 The National Heart Lung and Blood Tnatiute’s Framingham Heart Study, Framngham, MA, USA Downlozd this content as OWL/RDH consibute to cardovascolar disease by R ool N / 11913
3 author email 8 correspnding suthor emsi The dedication of our thowands  following its development over along period of  she aboratary like cells from
BMC Medical Genetics 2007, 8(Suppl 14514 doit10.1186/1471-2950-8-51-514 ] . of participants has made, and i i m e group oF paeticipacts other organs. The first step N
publihed: 19 Septamber 2007 ic Properties conttnuss to make, 0ur rigorous reduces the specfic functionality
apaiiar X epidomiologie research posstble of the white cells, resulting in o
. I called IPSC's. The second ~
Abstract (CA1 alveus, CA1 stratum oriens, C. - el z_|
Background p- 3 imitate the function of another S
grou : specific cell type such as fiver, 2
bone mass , hentable trats that Properties iadney or nerv cells Since the Ry
contriute to fracture risk. There have been no genome-wide assoaation and linkage studies for these traits ~ 1PSC testing is conducted in a i
sing high-density genotypng platforms. taboratory after blood samples 7
CA1 alveus, CA1 stratum oriens, C. - are drawn, the donor is not |
Methods personally exposed to any tests
We used the Affymetrix 100K SNP GeneChip marker set in the Framingham Heart Study (FHS) to examine il W, D, Pinc Ivestigtor, 202 Dan vy, WD, Drecr, OF reatments. _J
rior Natoral o Long and Biood it 1 84 57 b Framinham aart Sy MORE >>
 we GABA sty
used addtive generakzed estimating equaton (GEE) and famity-based a55003tion tests (FBAT) models within =
each sex as well as sexes combined. We evaluated 70,987 autosomal SNPS with genotypic call rates 280%, ©2011 Framingham ear Susy Diracrions | Cantact e | St Ma | it crastad By Schaokl Stagman Commumications Desiga
HWE p 2 0.001, and MAF 210% in up to 1141 phenotyped individuals (495 men and 646 women, mean age St aitad b Exta Shindiar Usdatea monthly. List pdatad une 10, 2011 ! T L R
62.5 yrs). Variance componant inkage analysis was performed using 11,200 markers. Chromosome
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Association

rs9317284

p=2.44x10"7 (GEE)
ﬁ

rs1538173 |
DPT

rs2165468

p=1.07x10°6 (GEE)

rs2378731

p=1.21x10-5 (FBAT)

p=2.8x10% (FBAT)

rs10508076
FGF14
p=4.35x106 (FBAT)

rs950649
FSTL1
p=2.0x105 (FBAT)

Femoral Neck Bone Mineral Density

rs1823926

PRR16

p=1.27x105 (FBAT)
ﬁ

rs922028 |

p=1.53"5 (FBAT)

GWAS

Douglas P Kiel , Serkalem Demissie , Josée Dupuis , Kathryn L Lunetta, Joanne M Murabito and David Karasik Genome-wide association with bone mass and geometry in the Framingham Heart Study BMC Medical Genetics 2007, 8(Suppl 1):S14
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linked lifeX* data

a semantic data integration platform for the biomedical domain

‘

ns-x: id ns-y: id

Mismatched identifiers

o o = -
db:id . o

db: accession

Value dereference

Transitive link

Semantic Annotations

Number of Statements
Explicit statements
Inferred statements

Size on disk

Unique users Jan-Aug 2010

__

Disease Ontology Oﬂtu\u

http:/linkedlifedata.com/resource/diseaseontology

http:/flinkedlifedata com/resource/linkedct

21.10.10

5,512,293,218
5,155,779,890
356,523,328
~320GB
10,226

144 541 diseaseontology:DiseaseOntologyConcept
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HPRD (@
| Reerence]
DBPedia
License
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| Reference | License
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by airflt |y 5
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Destination dataset
UniProt

Disease from
DISEASOME

UniProt keywords

UNMLS concepts
UMLS concepts (GO}
UniProt

GO terms

UMLS concepts (GO)

UniProt organisms

PubMed MeSH terms
GO terms

-2 [~SOtFrces

24.09.10 698,567 biopax-2:entity
240910 1,917,107 biopax-2-entity
20.07.10 496,360,473 skos:Concept
04.09.10 1,832, 491,127 uniprot:Protein
240910 148,346 biopax-2-entity
18.10.10 140,024,275 entrezgene:Gene
251109 110 A68 N8R skos Concent

Rule PRing Number of connections | Semantic relationship

Reference Node 148,941 skos exactMatch
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Extraction

Semantic Annotation 844 390 relationontology-hasExclusionCriteria
Mismatched Identifiers 51,024 skos exactMatch

Causality Relation 4923807 relationontology:encodeProtein

Extraction

Causality Relation 5,053,151 relationontology:hasLocalization

Extraction

Reference Node 301,655 skos relatedMatch

Value Dereference 412,297 skos:exactMatch

Value Dereference 25,306 skos:exactMatch

Causality Relation 4,000,000 relationontology- participatelnBiologicalProcess

Extraction




First Order

(isa AVPR2-Human-GIS GeneTypeBySpeciesAndProductFamily)
(gene-GISTypeCodesForType AVPR2-Human-GIS VasopressinV2Receptor)

With Context L r

In Mt : VertebratePhysiologyMt
(relationExistsAll outputsCreated IntramembranousBoneGrowthAndDevelopment FlatBone)

Each vertebrate flat
bone was created by
intramembranous
bone development.

Rule

\J

In Mt: MolecularBiologyMt

(implies N
(isa ?MOLECULE-TYPE TranscriptionFactor) Transcription factors can
(behaviorCapable ?MOLECULE-TYPE bind with DNA.
(ChemicalBindingEventTypeWithTypesFn TranscriptionFactor DNAMolecule)

objectOfAttachment))

Exceptions !

\J

(implies (and (isa ?MUT GeneticMutationEvent-Cellular)
(locusOfCellularProcess-Cell ?MUT ?ANCESTOR)
(isa ?PANCESTOR Cell) Normally, the progeny of asexual

(subEvents ?RE_PRO ?MUT)) reproduction are genetically
(abnormal (TheList ?REPRO ?PROGENY ?ANCESTOR) identical to the parent; however,

(implies(and ; ; ; ;
(isa ?REPRO AsexualReproductionEvent) if tl;et_parint > a cellén ,:\rllhmh Ia
(outputsCreated ?REPRO ?PROGENY) mutation has occurred, this rufe
(isa ?PROGENY BiologicalLivingObject) doesn’t apply.

(doneBy ?REPRO ?ANCESTOR))
(geneticallyldentical ?ANCESTOR ?PROGENY))))

Syntactic Power




TestQueryFnLLGenelmpactBone Test2FnETS2-Human-GIS4
What values of ITEMO, ITEM1, ITEM2, and ITEM3 are there such that

« [TEMO and ETS2 are identical symbols,

« there is some evidence that /TEMO affects [TEM1,
+ there is some evidence that /TEMY affects [TEM2,
« there is some evidence that /TEM?Z affects /TEMS3,
.
.

there is some evidence that /TEM3 affects the quantity of bone tissue present,
and ITEMO is not ITEM1, ITEM2, or ITEM3? Logic Query
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Answer:

ITEMO: ETS2

ITEM1: NCOA3

ITEM2: BMPT

ITEMS3: positive regulation of osteoblast differentiation

Detailed Justification Linear Justification:

Detailed Justification:

»  There is some evidence that ETS2 affects NCOA3.

¥ There is some evidence that BMP7 affects positive regulation of osteoblast differentiation.

»  |fthe evidence given for a type of biological process having a type of chemical object as a participant is experimental evidence (as opposed to evidence

based on structural similarity er computer matching). and a particular gene codes for that chemical object type, then conclude that instances of the
process type typically have the product of that gene as participants.

Inferred from direct assay is a type of experimental evidence.!
The evidence for Bone morphogenetic protein 7's participation in the positive regulation of osteoblast differentiation was provided by direct assay.

BMPT codes for Bone morphogenetic protein 7.

L according to EntrezGene, a gene has a particular term in UniProt as its "uniprotAccession”, that gene codes for the type of peptide molecule

represented by the UniProt term.

According to EntrezGene, "BMPT" codes for Bone morphogenetic protein 7.

There is some evidence that NCOA3 affects BMPT.
Inferred from direct assay is a type of experimental evidence.!
There is some evidence that positive requlation of osteoblast differentiation affects the quantity of bone tissue present.

Positive regulation of osteoblast differentiation is more specific than biological processes.

External Sources:

ILinked Life Ontology




Because: Detailed Justification Linear Justification:

Detailed Justification:

®  There is some evidence that ETS? affects NCDA3.

[couldImpact—EBackchainBe

ired ET32-Human—GI3
Jchemalbjectfn BigOWLCodeMapping “"gene:B2027}]

®  There is some evidence that BMP7 affects positive regulation of osteoblast differentiation

[couldImpact—BackchainRequired
Schemalbjectfn BigiWLCodeMapping "gene: €557}

[(PositiveHequlationDflypefn COstecblastDifferentiation) )

Y There is some evidence that NCOA3 affects BMP7.

[conldImpact—BackchainRequired
SchemaObjectin BigOWLCodsMopping "gene:B2027)
SchemaObjectPn BigOWLCodeMaopping "gene: 557} )

L according to EntrezGene, gene A has an interaction in which gene B is the interactant, then then molecular products of genes A and B interact.

[implies

[and
[interactant—-EntresFane ?INTEBACTION 2GENEZ)}
(interaction—-Entrezsfense 7GENE1 2INTERACTIION] }
[product=s0EGene EI3TypesInteract PEENEZ 2GENHEL} )

in BigOWLEBEridgingkt

According to EntrezGene, "NCOA3" is the interactant in http://linkedlifedata.com/resource/entrezgene/interaction/655-8202.

:SESI (interactant_EntresGene

JchemaCbjectfn BigOWLCodeMapping "<http://linkedlifedats.com/resource/sntresgene/interaction/E55—-0202>"])
JchemaCbjectfn BigOWLCodeMapping “gene:B202"})
in {ContentMt i IMLinkedlifaTri;
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First Order

(isa AVPR2-Human-GIS GeneTypeBySpeciesAndProductFamily)
(gene-GISTypeCodesForType AVPR2-Human-GIS VasopressinV2Receptor)

With Context L r

In Mt : VertebratePhysiologyMt
(relationExistsAll outputsCreated IntramembranousBoneGrowthAndDevelopment FlatBone)

Each vertebrate flat
bone was created by
intramembranous
bone development.

Rule

\J

In Mt: MolecularBiologyMt

(implies N
(isa ?MOLECULE-TYPE TranscriptionFactor) Transcription factors can
(behaviorCapable ?MOLECULE-TYPE bind with DNA.
(ChemicalBindingEventTypeWithTypesFn TranscriptionFactor DNAMolecule)

objectOfAttachment))

Exceptions !

\J

(implies (and (isa ?MUT GeneticMutationEvent-Cellular)
(locusOfCellularProcess-Cell ?MUT ?ANCESTOR)
(isa ?PANCESTOR Cell) Normally, the progeny of asexual

(subEvents ?RE_PRO ?MUT)) reproduction are genetically
(abnormal (TheList ?REPRO ?PROGENY ?ANCESTOR) identical to the parent; however,

(implies(and ; ; ; ;
(isa ?REPRO AsexualReproductionEvent) if tl;et_parint > a cellén ,:\rllhmh Ia
(outputsCreated ?REPRO ?PROGENY) mutation has occurred, this rufe
(isa ?PROGENY BiologicalLivingObject) doesn’t apply.

(doneBy ?REPRO ?ANCESTOR))
(geneticallyldentical ?ANCESTOR ?PROGENY))))

Syntactic Power
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TestQueryFnLLGenelmpactBone Test2FnETS2-Human-GIS4
What values of ITEMO, ITEM1, ITEM2, and ITEM3 are there such that

« [TEMO and ETS2 are identical symbols,

« there is some evidence that /TEMO affects [TEM1,
+ there is some evidence that /TEMY affects [TEM2,
« there is some evidence that /TEM?Z affects /TEMS3,
.
.

there is some evidence that /TEM3 affects the quantity of bone tissue present,
and ITEMO is not ITEM1, ITEM2, or ITEM3? Logic Query
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Answer:

ITEMO: ETS2

ITEM1: NCOA3

ITEM2: BMPT

ITEMS3: positive regulation of osteoblast differentiation

Detailed Justification Linear Justification:

Detailed Justification:

»  There is some evidence that ETS2 affects NCOA3.

¥ There is some evidence that BMP7 affects positive regulation of osteoblast differentiation.

»  |fthe evidence given for a type of biological process having a type of chemical object as a participant is experimental evidence (as opposed to evidence

based on structural similarity er computer matching). and a particular gene codes for that chemical object type, then conclude that instances of the
process type typically have the product of that gene as participants.

Inferred from direct assay is a type of experimental evidence.!
The evidence for Bone morphogenetic protein 7's participation in the positive regulation of osteoblast differentiation was provided by direct assay.

BMPT codes for Bone morphogenetic protein 7.

L according to EntrezGene, a gene has a particular term in UniProt as its "uniprotAccession”, that gene codes for the type of peptide molecule

represented by the UniProt term.

According to EntrezGene, "BMPT" codes for Bone morphogenetic protein 7.

There is some evidence that NCOA3 affects BMPT.
Inferred from direct assay is a type of experimental evidence.!
There is some evidence that positive requlation of osteoblast differentiation affects the quantity of bone tissue present.

Positive regulation of osteoblast differentiation is more specific than biological processes.

External Sources:

ILinked Life Ontology




Because: Detailed Justification Linear Justification:

Detailed Justification:

®  There is some evidence that ETS? affects NCDA3.

[couldImpact—EBackchainBe

ired ET32-Human—GI3
Jchemalbjectfn BigOWLCodeMapping “"gene:B2027}]

®  There is some evidence that BMP7 affects positive regulation of osteoblast differentiation

[couldImpact—BackchainRequired
Schemalbjectfn BigiWLCodeMapping "gene: €557}

[(PositiveHequlationDflypefn COstecblastDifferentiation) )

Y There is some evidence that NCOA3 affects BMP7.

[conldImpact—BackchainRequired
SchemaObjectin BigOWLCodsMopping "gene:B2027)
SchemaObjectPn BigOWLCodeMaopping "gene: 557} )

L according to EntrezGene, gene A has an interaction in which gene B is the interactant, then then molecular products of genes A and B interact.

[implies

[and
[interactant—-EntresFane ?INTEBACTION 2GENEZ)}
(interaction—-Entrezsfense 7GENE1 2INTERACTIION] }
[product=s0EGene EI3TypesInteract PEENEZ 2GENHEL} )

in BigOWLEBEridgingkt

According to EntrezGene, "NCOA3" is the interactant in http://linkedlifedata.com/resource/entrezgene/interaction/655-8202.

:SESI (interactant_EntresGene

JchemaCbjectfn BigOWLCodeMapping "<http://linkedlifedats.com/resource/sntresgene/interaction/E55—-0202>"])
JchemaCbjectfn BigOWLCodeMapping “gene:B202"})
in {ContentMt i IMLinkedlifaTri;
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Research article HOME | ABOUT | ARCHIVE | SUBMIT | SUBSCRIBE | ADVERTISE | AUTHOR INFO | CONTACT |
Identification of Pou5fl, Sox2, and Nanog downstream target genes

with statistical confidence by applying a novel algorithm to time
course microarray and genome-wide chromatin
immunoprecipitation data

Alexei A Sharov!, Shinji Masui2, Lioudmila V Sharoval, Yulan Piaol,

Kazuhiro Aibal, Ryo Matobal, Li Xin!, Hitoshi Niwa? and Minoru SH Ko*! Examination of transcriptional networks
Suppresdon o Spressonof reveals an important role for TCFAP2C,
Genes Pousf1|Sox2 |Nanog Genes Pousti|{Sox2 |Nanog -

Dppas, Ephat, Ephas, Fowots,| 7 | No | No | Gz, Innbb, Lirc2 gloleg SMARCAAI., and EOMES 1mn t['oph()blast stem
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Rarg. Sall st || & Wersia | D fetem| T Benjamin L. Kidder! and Stephen Palmer

Dazl, Dnmt3b, Etv1, Foxd3, Cceng2, Egin3, ol0| 8 e R . i R
e e : efiect (Slﬁrfzse"ﬁaa;ﬂSuL gl efr:ecm transcription factors (TFs) POUSFI (formerl\,r known as OCT4), SOX2, and NANGG
Suzt2, Terft, Tiet, Uppt, Zic A, Gidsa, Drmrt y (Nichols et al. 1998; Avilion et al. 2003; Chambers et al. 2003), while TS cell self-

. y o o
Myb, Yes1, Zics ey | & | & | Fomes Ok Smarcaz, o :‘3 effect renewal and multipotency require TFs such as TCFAP2C, CDX2, EOMES, ESRRE,
o
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offect Jeffect 2008). Recently, it has been shown that forced expression of Fousfl, Sox2, Kif4,

:f."nﬁ&u«mnumeumﬁpn=; ponding di jally to the suppression of PouSfl, Sox2, and Nanog. and Myc (formerly known as c-Myx) is sufficient to reprogram mouse and human

fibroblasts into pluripotent cells (Takahashi et al. 2007a,b; Wernig et al. 2007). It

®Weak knowledge: path ranking



Likely correct

Less likely casual order

More likely

More novel

Likely novelty from
co-occurence in
literature

HTRA1 interacts with BMP4, which interacts with BMPR2, which interacts
with BMP2, which has a role in regulating osteoblast differentiation and
bone mineralization

:
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(triggeringSubEventType TranscriptionFactorActivatedTranscription
(ChemicalBindingEventWithTypesFn Gene-DNARegion TranscriptionFactor))
Binding to a DNA region triggers activation of transcription by a transcription factor molecule.

(implies (triggeringSubEventTypes ?EVT-TYPE ?SUB-TYPE)
(and (sufficientTriggeringSubEventTypes ?EVT-TYPE ?SUB-TYPE)
(firstSubEventTypes ?EVT-TYPE ?SUB-TYPE))
Triggering sub-events are the first sub-events of the event as a whole, and are sufficient to begin it.

(firstSubEventTypes TranscriptionFactorActivatedTranscription
(ChemicalBindingEventWithTypesFn Gene-DNARegion TranscriptionFactor))
Activation of transcription by a factor molecule starts with the binding of that transcription factor to the
some region of DNA.

Transcription factors activate transcription. Coactivators can bind with
the transcription factors to upregulate the transcription, which
increases the expression of the gene.

Richly represented knowledg@




(implies (coactivatesTranscriptionOfTypelnitiatedByType
?COAC-TYPE ?GIS-TYPE ?TF-TYPE)
(causes-SitTypeSitType
(ChemicalBindingEventTypeWithTypesFn
?COAC-TYPE ?TF-TYPE)
(UpregulationOfTypeFn
(ChemicalBindingEventWithTypesFn
(DNARegionForGeneFn ?GIS-TYPE) ?TF-TYPE)))
When a molecule is known to act as a coactivator with a certain transcription factor in the transcription of a
gene, binding of the coactivator to the transcription factor causes an upregulation of the transcription
factor's binding to the DNA region for that gene.

(implies
(triggeringSubEventType ?EVENT-TYPE ?SUB-TYPE)
(causes-SitTypeSitType

(UpregulationOfTypeFn?TRIGGER-UPREG-TYPE)
(UpregulationOfTypeFn ?UPREG-TYPE
Upregulation of a triggering sub-event cau

on of the overall event type.

Transcription factors activate transcription. Coactivators can bind with
the transcription factors to upregulate the transcription, which
increases the expression of the gene.
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transcription factors and the p53 protooncogene.
Pastorcic M, Das HK.

Department of Pharmacelogy and Meurescience and Department of Molecular Biclogy and Immunology,
University of Morth Texas Health Science Center, Fort Worth, Texas 76107, USA. mpastorci@hsc.unt.edu

positive regulation of

1FAP2A participates in bone mineralization

Abstract

The expression of the human presenilin-1 cellular gene is suppressed by the p53
protooncogene. The rapid kinetic of the down-regulation has suggested that it may result from a
primary mechanism. We show here that p53 also suppresses the transcription of a presenilin-1
promoter-chloramphenical acetyltransferase reporter synthetic gene in transient infection
assays in neurcblastoma (SkK-M-5H) and hepatoma (HepG2) cell lines. Only a minimum
promoter including sequences from -35 to + 6 from the transcription initiation is sufficient to
confer down-regulation. We have previously defined a crucial DMNA element controlling 90% of
the expression ofthe gene within the same short area, and the identification of the transcription
factors invalved should also provide insights into the regulation of P51 by p53. This region
contains an Ets transcription factor binding motif, and a 2-base pair alteration within the core
sequence (GGAAtD TTAA) of the Ets consensus also reduced transcription by more than 90%.
We now show that Ets1 and Ets2 indeed transactivate a P31 promoter-chloramphenicol
acetyltransferase reporter including the (-35 to +6) fragment. Furthermore, in vitro translated Ets2
binds zpecifically to the -10 Ets motifin electrophaoretic mobility shift assays. Therefore, Ets1/2

fartnre hind enarcificallv tn tha A0 Fte alamant and artivata P24 transc_ripﬁun_ We also show that
the coactivator p200 enhances the activation by Ets1 and Ets2 a : well as the repression by p53.
p300 15 Known to interact with po3 as well as with Ets1 and ets2. We show that p53 does not
pind directly to the P31 promoter. Hence the repression of PS1 transcription by p53 is likely to be
mediated through protein-protein interactions.

PMID: 10942770 [PubMed - indexed for MEDLIME]  Free full text
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« human ETS2 gene » (aka ETS2, the human ETS2 gene)

Basic Info

ET3Z is atype of:
‘EF human gene (nucleic acid sequence)

What type of thing is this?

Additional Names

ghTFETS2
ghTFthe human ETS2 gene

Click to add another name
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4 Protein C-ets-2»

Basic Info

Pratein C-ets-2 is a type of:

protein molecule (peptide)
{genls ProteinC-ets-2 i

What type of thing is this?

Additional Names

g3 Protein C-ets-2
(and [ist EnglishM! [nameString FrofeinC-ets-2 Profein C-ats-27))

Click to add another name
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@) cure.cyc.com:8080/ ConceptSearch/edit.jspTconceptid=MudrGeXRt2ZXERnirmFIMek TTFg&cycHost=xen2g&o

« Protein C-ets-2 »

Basic Info | Related |[EalcUl=nRlitEEE 3

Protein C-ets-2 stimulates the biosynthesis of
|protein
Protein C-ets-2 stimulates |cell to increase their

expression of |pmter'n

Biological tissue of type |ﬁ55ue typically
synthesizes the protein molecule Protein C-ets-2.

Protein C-ets-2 initiates Inum'eoﬁde seguence of a gene transcription.

|GE~H cells typically synthesize Protein C-ets-2.
The gene ETSZ lcndes for Protein C-ets-2.

The presence of Protein C-ets-2 in |J'Mng thing causally
contributes to Iorganfc process
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« Protein C-ets-2 »

Basic Info | Related |[EalcUl=nRlitEEE 3

Protein C-ets-2 stimulates the biosynthesis of
|protein
Protein C-ets-2 stimulates |cell to increase their

expression of |pmter'n

Biological tissue of type |ﬁ55ue typically
synthesizes the protein molecule Protein C-ets-2.
Protein C-ets-2 initiates Inum'eoﬁde seguence of a gene transcription.

|GE~H cells typically synthesize Protein C-ets-2.

eh = .

i The gene ke codes for Protein C-ets-2.
The presence of Protein C-ets-2 in |living thing causally
contributes to |Drganfr; process
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« Protein C-ets-2 »

Basic Info || Related |[RallCUlE-RUEEGE 2
Protein C-ets-2 stimulates the biosynthesis of
|protein
Protein C-ets-2 stimulates |cell to increase their
expression of |pmter'n ) *
Biological tissue of type |ﬁ55ue typically "
synthesizes the protein molecule Protein C-ets-2.
Protein C-sts-2 initiates PS1] transcription. -]+F
|GE~H cells typically synthesize Protein C-ets-2. E 3
s The gene ETS2 > | codes for Pratein C-ets-2. *
The presence of Protein C-ets-2 in |living thing causally
contributes to |Drganfr; process *
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« Protein C-ets-2 »

Advanced Info (53)

Basic Info Related

Protein C-ets-2 stimulates the biosynthesis of
|pma‘efn .
Protein C-ets-2 stimulatae leall tnincrease their
Mot Understood *x *

expression of E

Biological tissUl \ynaple to understand "PS1". y "
synthesizes the

. . w k'
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|cell \ Yes ” Mo ‘ in C-ets-2. 3
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« Protein C-ets-2 »

Advanced Info (53)

Basic Info Related

Protein C-ets-2 stimulates the biosynthesis of
|pma‘efn .
Protein C-ets-2 stimulatae leall tnincrease their
Mot Understood *x *

expression of E

Biological tissU \hich of the following describe PS1? y *
synthesizes the | hycleotide sequence of a gene

IGEH in C-ets-2. *

e'h - .

G The gene FH codes for Protein C-ets-2. *
The presence of Protein C-ets-2 in |living thing causally
contributes to ||::rganfr: process
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« Protein C-ets-2 »

Basic Info | Related |BGECUEERINERIE 3

Protein C-ets-2 stimulates the biosynthesis of
|protein
Protein C-ets-2 stimulates |cell to increase

their expression of Ipma‘efn

Biological tissue of type |ﬁ55ue typically
synthesizes the protein molecule Protein C-ets-2.

Protein C-ets-2 initiates | F =1 7 transcription.

|GE-H cells typically synthesize Protein C-ets-
2.

s The gene ETS2 > | codes for Pratein C-ets-2.
The presence of Protein C-ets-2 in |living thing

causally contributes to |Drganrr; process

ehT2 Protein C-ets-2 is coactivator that increases PS1 transcrlptlﬂn by Protein
C-ets-2.
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synthesizes the protein molecule Protein C-ets-2.
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The presence of Protein C-ets-2 in |living thing *
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transcription by Protein C-ets-2.
Em%E Protein C-ets-2 initiates Protein C-ets-2 transcription. #
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|protein

Protein C-ets-2 stimulates |cell to increase
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The presence of Protein C-ets-2 in [living thing
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|protein

Protein C-ets-2 stimulates |cell to increase
their expression of Ipma‘efn

Biological tissue of type Iﬁssue typically

synthesizes the protein molecule Protein C-ets-2.

Protein C-ets-2 initiates | P17 transcription.

|r:.eH cells typically synthesize Protein C-ets-
2.

i The gene ETS2 > | codes for Pratein C-ets-2.
The presence of Protein C-ets-2 in |living thing
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» UniProtKB Downloads - Contact - Documentation/Help

Retrieve

Pt Knowedgbase UnPrv®) [l Asvancod Soatch

P12644 (BMP4_HUMAN) ' Reviewed, UniProtkB/Swiss-Prot bute
i B . . ) Send feedback
Last modified May 31, 2011. Version 134. History. .. ) Froes) e s s eV A G

% & Clusters with 100%, 90%, 50% identity | " Documents (5) | [J Third-party data [xml | [ gff]
Names - Attributes - General annotation - Ontologies - Interactions - Sequence annotation - Sequences - References - Web links - Cross-refs -
__Entry info - Documents | Customize order

Names and origin

Protein names Recommended name:
Bone morphogenetic protein 4
Short name=BMP-&

General annotation (Comments)

Function Induces cartilage and bone formation. Also act in mesoderm induction, tooth development, limb farmation and fracture repair. Acts
in concert with PTHLH/PTHRP to stimulate ductal outgrowth during embryonic mammary development and to inhibit hair follicle
|

induction [ By simil=sity |
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Induces cartilage and bone formation. Also act in mesoderm induction, tooth development, limb formation and fracture repair. Acts
in concert with PTHLH/PTHRP to stimulate ductal outgrowth during embryonic mammary development and to inhibit hair follicle
induction | By simil=rity |

eI Template Problems (0) | Trace Output

S: Bone morphogenetic protein 4 induces cartilage and bone formation.
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Induces cartilage and bone formation. Also act in mesoderm induction, tooth development, limb formation and fracture repair. Acts

in concert with PTHLH/PTHRP to stimulate ductal outgrowth during embryonic mammary development and to inhibit hair follicle
induction [ By similarity |

Template Problems (0)

Trace Output

S:

Bone morphogenetic protein 4 induces cartilage and bone formation. & HGO]

Parsed: Bone morphogenetic protein 4 induces cartilage and bone formation.

==

E: The presence of Bone morphogenetic protein 4 in mammal causally contributes to cartilage development and the presence of
Bone morphogenetic protein 4 in mammal causally contributes to bone formation.
C: (and
(substancelnBLOContributesToBioProcess-Typelevel
(SchemaObjectFn BigOWLCodeMapping "uniprot-protein:P12644") Mammal
(TissueFormationFn Cariilage))
(substancelnBLOContributesToBioProcess-Typelevel
(SchemaObjectFn BigOWLCodeMapping "uniprot-protein:P12644") Mammal BoneFormation))

Parsed by EBMT using constructicn:
ML:["SFroteinMeolecule#0 induces SAnimalTissue#1 and $BiclogicalFroductionEvent#27)

Logic: (#Sand {#3substancelnBLOContributesToBioProcess-Typelevel 3ProteinMolecule#) #3Mammal (#5TissueFormationFn SAnimal Tissues#1))
{#3substancelnBLOContributesToBioProcess-Typelevel SProteinMolecules#) #5Mammal SBiologicalProductionEvent#2))

War ?DEFAULT-VAR

Type:CyclSentence-Assertible
Mt:#SCumrentWorldDataCollectort-NonHomocentric
InfP:CycAP| Inference Params needs toString method
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Technology Steps

Use all current structured interaction, chemical, pathway
etc knowledge

Model and elicit, and read increasing variety of high
precision (causal, explanatory) knowledge

Improve display and explanation of causal hypotheses
Improve hypothesis ranking techniques, learn from user
responses to hypotheses
Data steps
Apply to more GWAS studies
Comprehensive knowledge of possible and performed
assays, starting with Framingham Heart Study
Community Steps

Insert human-computer collaborative knowledge
elicitation and curation into existing workflows

first into KB workflows, then into research and
publication
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« Palm, Inc.» (aka Palm)

About ” Basic Info ” Documentation

Advanced Info Affiliations

| »

Ed Colligan ~ [@ is Palm's CEC.

|person is the COO of Palm.

|person is the CFO of Palm.

Jeff Hawkins + [#@ founded Palm.

Palm OS5 Garnet_[z]

Donna Dubinsky - [@ founded Palm.

Contents [hide <]

1 History< <
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5 References <
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|organfzaﬁon
Palm.
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Palm is legally incorporated in
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Palm, Inc.
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< Palm, Inc.p» (aka Palm) x

Palm, Inc. is a personal digital &
headquaﬂered in Sunnywalei ( | Basic Info ” Documentation ” Advanced Info H Affiliations |

products such as the Zire, Tung gﬂet&nﬂv :ﬂig
LifeDrive. Previous product lines | yokia mdg Palm ﬂr::fmmmlﬂM'

and Palm VII. While their older ¢ | Palm's homepage is "hitp://palm.com".

. . The headquarters of Palm are in Sunnyvale, CA. <
of the Treo run Windows Mobile| | paim was founded by Donna Dubinsky.

i | | Palm was founded by Jeff Hawkins.
T operating system, Palm webO5 Ed Colligan is Palm's CEO. -

[2]
Palm OS Garnet. Copyright © 1995 - 2009 Cycorp. Al rights reserved.
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4 Bruxelles Centre Ville »

About || Basic Info ” Similar |

il Bruxelles Centre Ville properly gecgraphically subsumes | La Grande Place ~ | 7]

‘ i -
i ‘ Pssek fckiun ‘ [ properly geographically subsumes Bruxelles Centre Ville.

Someone should visit the cafe |cafe when visiting
Bruxelles Centre ™ Mot Understood x

] Working
Someone should v Which of the following describe 'Aux Armes de
[@ when visiting B Bruxelles'?
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4 Aux Armes de Bruxelles »

About H Basic Info ” Similar ‘

Aux Armes de Bruxelles has |fype of dish on the menu.

Aux Armes de Bruxelles serves |cufs.fne

|Ghef i5 the chef at Aux Armes de Bruxelles.

Isous—chef is sous-chef at Aux Armes de Bruxelles.

|mftpemon is waitperson at Aux Armeas de Bruxelles.

Each shift at Aux Armes de Bruxelles have |non-negan've integer
people working.

Work happens during |calendar day from

time of day type to |tf'me of day type
Armes de Bruxelles.

localized event happens on | Choose avalue ~ |7 from

time of day type to |tf'me of day type at Aux
Armes de Bruxelles.

The last part of the wikipedia URL for Aux Armes de Bruxelles is

Aux Armes de Bruxelles is located in Ispatr'an' thing non situational : E 3
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4 Aux Armes de Bruxelles »

About H Basic Info ” Similar ‘

Aux Armes de Bruxelles has |fype of dish on the menu.

2

Aux Armes de Bruxelles serves | Belgian cuisine ~ |@.

|Ghef i5 the chef at Aux Armes de Bruxelles.

Isous—chef is sous-chef at Aux Armes de Bruxelles.

|waftpemon is waitperson at Aux Armes de Bruxeslles.

Each shift at Aux Armes de Bruxelles have |non-negata’ve integer
pecple working.

Work happens during |calendar day from
|time of day type to |time of day type in Aux
Armes de Bruxelles.

localized event happens on | Choose a value ~ |7 frym

time of day type to Itr'me of day type at Aux
Armes de Bruxelles.

The last part of the wikipedia URL for Aux Armes de Bruxelles is

Aux Armes de Bruxelles is located in Ispafr'an' thing non situational

* -
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< standard library function »

Basic Info IEE EI

>

- standard library function

| the vsnprintf function | @ @ | deprecated library function | 1

[Me srlprinlfﬂ.mcliun] [Me vsprintf function

[Ihe memcpy furld:ioﬂ] [I:he sprintf function

[lhe new f\mdion] [the delete function

Basic Info W

[me GlobalFree f\mdinn] [the free fundiun] variable- u"dll e(:l i formatted standard
(..} [the LocalFree function arty | location ion | library
relation | altering function function
Focus on &g \ function

the sprintf function

1

4 sprintf function > (aka the sprintf function)

4 sprintf function » (aka the sprintf function)

Basic Info ” Related H Advanced Info Call Signature (5:4) ‘

d Info (113

Libraries & Toolkits (43

Basic Info ” Related | Adva

The sprintf function is part of Choose avalue ~ | *

&3 The standard name of the sprintf function is
sprintf -
The sprintf function belongs to the operational category of
|fhmg 5
The sprintf function implements Ipmgram action

L

Basic info | Related || Advancad info | Libraries & Toolkits m

The sprintf function is a ‘
The standard name for IGﬂdfng function paramefer is

js | Chooseavalue ¥

£hT2 The sprintf function returns bool as its value.

|codmg function paramefer

* O K K

Choose avalue ‘

The sprintf function returns an Sigaceaale as its value.

Basic Info ” Related || Advanced Info (43) H Libraries & Toolkits

The sprintf function is a | Choose avalue ~ |

The standard name for

function with a variable number of arguments
function with a fixed number of arguments
Some other thing

E5 % The sprintf function ratur

oo f

e |

52 -
The sprintf function returns an i as its value.

Call Signature (53) |

@ For the sprintf function, argument number 2 specifies the output format.

For the sprintf function, argument number
be formatted, and so do optional further arguments.
(@ For the sprintf function, argument number 3 specifies the information to be
formatted.
&= The memory location altered by application of the sprintf function is given by the

specifies the information to

value of the function's argument numbe
02 The sprintf function retums handle as its value.
EhZE The sprintf function retums a pointer as its result.

Argument number |pnsr!ws infeger
takes a handle as its value.
Argument number |posfﬁve integer
takes a pointer as its value.

of the sprintf function

of the sprintf function

O OEE K K K O*

The sprintf function is a | function with a variable number of arguments ~ |

The standard name forlcodmg function parameter is

/ is Choose avalue ~

5% Ik

ke =
The sprintf function returns an jieder as its value.

The sprintf function takes at least |non-negative infeger
arguments.

orntf function returns bool as-itsvaly
B -

Basic Info | Related ‘ Advanced Info (43) | Libraries & Toolkits
eh
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€ natural gas - Google Chrome
) cure.cyc.com:8080/ ConceptSearch/edit jspTconceptid= MV kASpwpEbGdreNSY29y cAé

(= I[=@](=]

€ natural gas - Google Chrome EI@

() cure.cyc.com:2080/ ConceptSearch/edit,jspTconceptid= M nVkASpwpEbGdrcNS Y20y cAg

< natural gas »

< patural gas »

Basic Info W

Basic Info w Advanced Info
naturally-

fossil | organic | occuring
fuel | matter | tangible
substance

4 naturalgas

®OE
liquified petroleum gas

€ natural gas - Google Chrome EI@

) cure.cyc.com:8080/ ConceptSearch/edit jspconceptid= M VIASpwpEbGdrch5Y29yc AR

< patural gas »

Basic Info W

The input elementary flow of the
Mon-renewable material resources

inorganic substance in the production of
scalar quantity of natural gas is
scalar quantity

The in

rking
Not Understood |

Which of the following describe "Mon-renewable
material resources from ground™?

resource type
Create Cancel

Focus on @ Show Cycl

Focus en @ Show Cycl

Focus en @ Show Cycl

€ natural gas - Google Chrome

==]E=]

) cure.cyc.com:B080/ConceptSearch/edit jsp?onceptid=Mdn\kASpwpEbGdreNSY29y cAR

€ natural gas - Google Chrome EI@

@ cure.cyc.com:8080/ ConceptSearch/editjspTconceptid= M nVkASpwpEbGdrcN5Y2%ycA8

€ natural gas - Google Chrome EI@

(@ cure.cyc.com:8080/ConceptSearch/edit jsp?conceptid=Mdn\kASpwpEbGdreNSY29y AR

< natural gas

Basic Info Advanced Info

< natural gas »

Basic Info W

€173 The input elementary flow of the
‘ Mon-renewable material resources from ground +

inorganic substance in the production of
scalar quantity of natural gas is
scalar quantity

Inputs and Qutputs

< patural gas »

Basic Info W

g1 The input elementary flow of the
| Mon-renewable material resources from ground « ‘

| gypsum ¥ | in the production of| 1 kilogram » | of natural gas
is |sca|'ar quantity

g2 The input elementary flow of the
MNon-renewable material resources from ground + |

TR ‘ in the production of| 1 ilogram = ‘ of natural gas
is | 72057534899479E5 ilograms ~ |

£h92 The input elementary flow of the
Mon-renewable material resource from ground « |

in the production of |_1Kl0gram = |

is |0.00358024857309695 kg

calcium carbonate +

natural gas -

Focus on @ Show Cycl

Inputs:
Type Of Flow Classification Flow Resulting amount
Elementary flow Resources / Resources from air / Renswable maternial resources from air air 0.0520548055T90256 kg (Mass)
Elementary flow Resources / Resources from ground / N ble materisl from ground  bentonite 0.0020405588 7250158 kg (Mass)
Elementary flow Resowrces / Resources from grownd / N ble enengy from grownd  brown coal; 11.9 Mg 0.0055054525251 3602 M (Net calorific value)
Elementary flow Resources / Resources from ground / N ble materizl from ground  calcium carbonats 0. 0035802485 T 00655 kg (Mass)
Elementary flow Resources / Resources from ground / N blz material from ground  calcium chioride Z43Z3TZ34BEE54E-15 kg (Mazs)
Elementary flow Resources / Resources from ground / N blz materizl from ground  fluorspar 3.24551247420822E-5 kg (Maszs)
Elementary flow Resources / Resources from water / Renewable materisl resources from water arownd water -0.002185507TT8T44258 kg (Mass)
Elementary flow Resources / Resources from ground / N blz materizl from ground  gypsum T.ZSOTEI4EE24TEE-S kg (Mass)
Elementary flow Resources / Resources from ground / N ble enangy from ground  hard cosl; 26.3 Mdkg 003064 3555583428 M (Net calorific value)

http://Ica.jrc.ec.europa.eu




Renaissance Artists =—p»

Bronze Age Farmers —»

. s

|
|
.
|
|

|
Kind of Timelnterval
: ‘A _
Noun Form: not plural Kind of Agent-Generic
Noun form

Noun Compounad Parsing




Attributive Adjective & Noun

Yellow Submaring =

Sick Child =—————————>

Supporting Lexical Assertions:

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

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

Noun Phrase Parsing




:| An Afghan inquiry has said an attack in the heart of Kabul on Januar &

101




Parsed: An Afghan inquiry has said an attack in/the heart of Kabul on
January 18, that left five dead and 38 others wounded, was ordered by an

Afghan commander in Pakistan who was part of the Haqgani network - a
group allied to the Taliban and al-Qaeda. [Again]

Test | selection

the heart of $City#0

(#%equalSymbols ?D (#$DowntownFn $City#0))

?D
#$Downtown

@ 102
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cYcorp

Parsed: An Afghan inquiry has said an attack'in the heart of Kabul on

January 18, that left five dead and 38 others wounded, was ordered by an
Afghan commander in Pakistan who was part of the Hagqgani network - a
group allied to the Taliban and al-Qaeda. [Again]

Test | selection

103
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Parsed: An Afghan inquiry has said an attack'in the heart of Kabul on

January 18, that left five dead and 38 others wounded, was ordered by
an Afghan commander in Pakistan who was part of the Hagqgani network
- a group allied to the Taliban and al-Qaeda. [Again]

Partial Parse:
E: Everything is identical to attack in the downtown area of Kabul, Afghanistan.
C: (equalSymbols ?ATTACK
(SubcollectionOfWithRelationToFn Attack-MilitaryOperation eventOccursAt
{(DowntownFn CityOflkabulAfghanistan)))
Section: start20 Lenzs)
Parsed by EBMT using construction:

ML:[*SAttackOnObject#l in SPlacef#1”]

Logic(#5equalSymbols PAT TACK (#55uboollectionCfWithRelation ToFn SAttackOnObjectE] #5eventDocursAt SPlace#! | )
Wan TATTACK

Type:AttackOnObject

hit:#3CumentWorldDataCollectorhit-NonHomocoentric

InfP:CycAP| Inference Params needs toString method
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Taking Advantage of Paraphrases

an attack in the heart of Kabul on January 18, that left five dead and 38 others wounded
AttackOnObiject, that left five dead and 38 others wounded,
c.f. AttackOnObject has killed five people and injured 38

<template>
<nlPattern class="140060">$AttackOnObject#0 has killed $NonNegativelnteger#2 people and injured $NonNegativelnteger#3</nlPattern>
<cyclPattern>(#$thereExists 2ATTACK
(#%and
(#%isa ?PATTACK $AttackOnObject#0)
(#$relationinstanceExistsCount #$animallnjuredin 2ATTACK #$Person $NonNegativelnteger#3)
(#%relationInstanceExistsCount #$organismKilled 2ATTACK #$Person $NonNegativelnteger#2) ) )
</cyclPattern>
<type>#$CycLSentence-Assertible</type>
<microTheory>#$CurrentWorldDataCollectorMt-NonHomocentric</microTheory>
<inferenceMode type=":MINIMAL"/>
</template>

<template>
<nlPattern class="140060">$AttackOnObject#0 , that left $NonNegativelnteger#2 dead and $NonNegativelnteger#3 others wounded
</nlPattern>
<cyclPattern>(#$thereExists 2ATTACK
(#$and
(#S$isa ?ATTACK $AttackOnObject#0)
(#$relationinstanceExistsCount #$animalWoundedIn ?ATTACK #$Person $NonNegativelnteger#3)
(#%relationinstanceExistsCount #$organismKilled ?ATTACK #$Person $NonNegativelnteger#2) ) )
</cyclPattern>
<type>#$CycLSentence-Assertible</type>
<microTheory>#$CurrentW orldDataCollectorMt-NonHomocentric</microTheory>

<inferenceMode type=":MINIMAL"/>
@ </template>
cYcorp
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Taking Advantage of Paraphrases

an attack in the heart of Kabul on January 18, that left five dead and 38 others wounded
AttackOnObiject, that left five dead and 38 others wounded,
c.f. AttackOnObject has killed five people and injured 38

<template>
<nlPattern class="140060">$AttackOnObject#0 has killed $NonNegativelnteger#2 people and injured $NonNegativelnteger#3</nlPattern>
<cyclPattern>(#$thereExists 2ATTACK
(#$and
(#$isa ?ATTACK $AttackOnObject#0)
(#$relationinstanceExistsCount #$animallnjuredin 2ATTACK #$Person $NonNegativelnteger#3)

(#%relationInstanceExistsCount #$organismKilled ?ATTACK #$Person $NonNegativelnteger#2) ) )
</cyclPattern>

<type>#$CycLSentence-Assertible</type>
<microTheory>#$CurrentWorldDataCollectorMt-NonHomocentric</microTheory>
<inferenceMode type=":MINIMAL"/>

</template>

<template>

<nlPattern class="140060">$AttackOnObject#0 , that left $NonNegativelnteger#2 dead and $NonNegativelnteger#3 others wounded
</nIPattern>

Parsed: An Afghan inquiry has said an BifacKinthe heart of Kabul thatleft five dead

and 38 others wounded, was ordered by an Afghan commander in Pakistan who was
part of the Haqqanl network - a group allied to the Taliban and al-Qaeda. [Again]

. <|nferenceMode type- MINIMAL />
| @ </template>
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“Their evidence comes from a man
arrested 24-hours after the assault,
who admitted he sheltered the
suicide bombers and took them to
some of their targets in Kabul”
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[Actlve Integratlon
‘
\Elnd-2470:Bomb|ng/

HumanKillingEvent

/

i BombMovmg W

the bomb | the bomber Death |

Islamiclihad CityOfTelAvivisrael

N Transport of something to a place happens before the end of the thing
) transported (so, not after the attack).

- ¢ |f there is one transport, of some X, as a sub-situation, and that X plays
> a required role in some other sub-situation, and the destination of the
D: transport is near the location of the other sub-situation, then the

transport happens before (in this case, the other sub-situation is the
attack)
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Existing Content

{(properSubEventTypes TerroristSuicideBombing TransportationOfWeaponToTarget)
(properSubEventTypes TerroristSuicideBombing Detonation)
{(properSubEventTyvpes TerroristSuicideBombing Dving)

(starts A frterEnd OfTnSituationType TerroristSuicideBombing Dyving Detonation)
(starts AfterEndOflnSituationType TerroristSuicideBombing Detonation TransportationOfWeaponToTarget)

(starts A fterEndOflnSituationTvpe TerroristSuicideBombing Detonation TransportationOfWeaponToTaroet)

{inheritRolePlavers-SitTvpeToSubSitType TerroristSuicideBombing perpetrator Dyving bodilvDoer)
{inheritRolePlaversOfType-SubSitTvpeToSubSitType TerroristSuicideBombing TransportationOfWeaponToTareet performedBy Dyving bodilvDoer Terrorist)
(inheritRolePlavers-SitTypeToSubSitType TerroristSuicideBombing perpetrator TransportationOfWeaponToTarget doneBv)

"Islamic Jihad claimed responsibility for a February 25 suicide bombing in Tel Aviv that killed five Israelis."

the suicide bombing _ v
“N The evploson

Similar: Needed

(startsAfterEndOfInSituationType Bombing ClaimingResponsibility Detonation)

Causal Constraints: We need these
(causes-SubSitTypeSubSitType Bombing Detonaton Dying) con Stra"’lts, can they

(requiresForRole Bombing Bomb deviceUsed)

(requiresForRole Detonation Bomb inputsDestroyed) be read Or Iearned?

(requiresForRole TerroristSuicideBombing Person bodilyDoer)

@ 109
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\

/Needs-based Ontology Extension

e e [oamge

personKilled People vacationer, newlywed, bus rider,
mouseketeer

eventOccursAt  Places Police station, army recruiting
center, souk, marquee

deviceUsed Weapons  Suicide vest, boomerang, crossbow,
bus bomb, shaped charge

killers Agent Somali youth, pirates, military
doctor, rebel recruit

AN /

Haggani network

From Wikipedia, the free encyclopedia

The Haqqgani network is an independent insurgent
group in Afghanistan and Fakistan that is closely
allied with the Taliban.l1 Maulvi Jalaluddin Haggani
along with his son Sirauddin Haggani lead the
Haggani network which is based in North Waziristan,
Pakistan. The network is thought22 whoma] 4
present one of the biggest threats to NATO and
United States forces in Afghanistan. [ Following
Wikaleaks July 2010 publication of 75,000 classified
documents the public learned that Siraj Haggani was
in the tier one of the |niernational Secunty
Assistance Force's Joint Prioritized Effects List — its
"kill or capture” list 1]

®

cYcorp

o

o

3]

3]

o lechniques:

Acquire candidates:

Automatically acquire from
dbPedia, or

Read from Wikipedia, or

~illers of templates, where
there is evidence for
effectiveness for type
Inference

Confirmation by human
beings, or

by generate and test

mport from macro-readers, or
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