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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 

 



Use Case: Semantic Patient Records 

Reasoning-based, question answering 

User-assisted query understanding 



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



Valve Surgery 



Content adapted to query: Heart Valve repairs by Dr. Gillinov 



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



Very specific information 
(some indirect, via SKSI) 

Upper 
Ontology 

Core 
Theories 

Domain-Specific 
Theories 

EVENT  TEMPORAL-THING  PARTIALLY-TANGIBLE-THING 

( a, b ) a  EVENT   b  EVENT   
causes( a, b )  precedes( a, b ) 

( m, a ) m  MAMMAL  a  ANTHRAX                   � 
causes( exposed-to( m, a ), infected-by( m, a ) ) 

(ist FtLaudHolyCrossERCase#403921 
   (caused  CutaneousAnthrax 
     (SkinLesions Ahmed_al-Haznawit))) 

First Order Predicate Calculus: unambiguous; enable mechanical reasoning 

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

y.x.  Amer(x)  president(x,y) 
x.y.  Amer(x)  mother(x,y) 

Higher Order Logic:  contexts,  
predicates as variables,  
nested modals,  reflection,… 
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Specific data, facts, and observations 



 #$TransportationEvent 

 #$ControllingATransportationDevice 

 #$TransportWithMotorizedLandVehicle 

 (#$SteeringFn #$RoadVehicle) 

 #$TransporterCrashEvent 

 #$VehicleAccident 

 #$CarAccident 

 #$Colliding 

 #$IncurringDamage 

 #$TippingOver 

 #$Navigating 

 #$EnteringAVehicle … 



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

damaging either object? 

– No -- Try #$in-Snugly 
or #$screwedIn 

 

    Is it attached to the 
inside of the outer object? 

– Yes -- Try 

#$connectedToInside 

Does the inner object 
stick into the outer object? 

–Yes – Try 

 #$sticksInto 
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 Does part of the inner object 
stick out of the container? 

 
◦ None of it.   
    #$in-ContCompletely 

 
 

◦ Yes  

     #$in-ContPartially 
 
 

◦  No    

•      #$in-ContClosed 

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

 

 

 

 Yes   

#$in-ContOpen 
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•(isa ASBFinancialCorp PubliclyHeldCorporation) 

•(corporateOfficers ASBFinancialCorp GeraldRJenkins) 

First Order 

•In Mt : FinancialTransactionMt 

(relationAllExists performedBy  RepurchaseProgram PubliclyHeldCorporation) 

With Context 

•In Mt: FinancialTransactionMt 

(forAll ?X   (implies 

     (isa ?X RepurchaseProgram) 

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

 Rule 

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

Second Order 

•(beliefs Israel (relationInstanceExists possesses Syria ClusterBomb)) 

Modal 

•(opaqueArgument beliefs 2) 

Meta 



Logistics 

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



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

Logistics 



Search at sw.opencyc.org 



Search at sw.opencyc.org 



Search at sw.opencyc.org 



Search at sw.opencyc.org 



Search at sw.opencyc.org 









#$Warehouse13-TelevisionSeries  
#$RyanReynolds-TheActor  
#$DonRevie-SoccerCoach  
#$BridgetPowers-ActorThatIsAlsoAnAdult  
#$TheSuiteLifeOnDeck-TelevisionSeries  
#$ChelseaFC  
#$StormingOfTheBastille  
#$TheColoradoKid-Book  
#$EmileHeskey-SoccerPlayer  
#$TravisWall-Person  
#$BeezusAndRamona-Book  
#$UFC116  
#$CherylCole-TheMusician  
#$JamesGammon-Actor  
#$EdMiliband-ThePolitician  
#$GeorgeSteinbrenner-FamousPerson  
#$AleksandarKolarov-SoccerPlayer  
#$SonsOfAnarchy-TelevisionSeries  
#$ScottPilgrimVsTheWorld-Movie  
#$PrettyLittleLiars-Book  
#$VicenteDelBosque-SoccerCoach  
#$MakeItOrBreakIt-TelevisionSeries  
#$Adderall  





incyc.cyc.com 



incyc.cyc.com 



incyc.cyc.com 



incyc.cyc.com 



incyc.cyc.com 



incyc.cyc.com 



incyc.cyc.com 



incyc.cyc.com 





People 

Agent Location 

Agent Affiliation 
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Clinical 
Data 

(semi)Formal 
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GWAS 

Inference 
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Rules Clinical or  

Experimental  
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Inference 

Facts 

Rules Cyc Inference 

Focus: Osteoporosis and the 

Framingham Heart Study data 
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 Femoral Neck Bone Mineral Density 

GWAS 

rs950649 
FSTL1 

p=2.0x10-5 (FBAT) 

rs1538173 
DPT 

p=2.8x10-6 (FBAT) 

rs9317284 
- 

p=2.44x10-7 (GEE) 

rs2165468 
- 

p=1.07x10-6 (GEE) 

rs10508076 
FGF14 

p=4.35x10-6 (FBAT) 

rs2378731 
- 

p=1.21x10-5 (FBAT) rs1823926 
PRR16 

p=1.27x10-5 (FBAT) 

rs922028 
- 

p=1.53-5 (FBAT) 

FNBMD 

Association 

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 

Weak Models term/document 
associations 

gene 
interactions 

label match in 
DB 

Cell types, stages  

Receptors, ligands, etc. 

Molecular interactions 

Cell macro, micro processes 

Strong Models 

Knowledge of constraints, 
temporal and spatial 

ordering, temporal and 
physical parts, preconditions, 

consequences, rates, etc. 
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Specific data, facts, and observations 



Number of Statements 5,512,293,218 

Explicit statements 5,155,779,890 

Inferred statements 356,523,328 

Size on disk ~320GB 

Unique users Jan-Aug 2010 10,226 



In Mt: MolecularBiologyMt 

(implies 
  (isa ?MOLECULE-TYPE TranscriptionFactor) 
  (behaviorCapable ?MOLECULE-TYPE 
         (ChemicalBindingEventTypeWithTypesFn TranscriptionFactor DNAMolecule) 
         objectOfAttachment)) 

 

(isa AVPR2-Human-GIS GeneTypeBySpeciesAndProductFamily) 

(gene-GISTypeCodesForType AVPR2-Human-GIS VasopressinV2Receptor) 

In Mt : VertebratePhysiologyMt 

(relationExistsAll outputsCreated IntramembranousBoneGrowthAndDevelopment FlatBone) 

(implies (and (isa ?MUT GeneticMutationEvent-Cellular) 
    (locusOfCellularProcess-Cell ?MUT ?ANCESTOR) 
    (isa ?ANCESTOR Cell) 
    (subEvents ?REPRO ?MUT)) 
  (abnormal (TheList ?REPRO ?PROGENY ?ANCESTOR) 
    (implies(and 
             (isa ?REPRO AsexualReproductionEvent) 
             (outputsCreated ?REPRO ?PROGENY) 
             (isa ?PROGENY BiologicalLivingObject) 
             (doneBy ?REPRO ?ANCESTOR)) 
        (geneticallyIdentical ?ANCESTOR ?PROGENY)))) 

First Order 

With Context 

 Rule 

Exceptions 

Transcription factors can 
bind with DNA. 

Normally, the progeny of asexual 
reproduction are genetically 

identical to the parent; however, 
if the parent is a cell in which a 
mutation has occurred, this rule 

doesn’t apply.  

Each vertebrate flat 
bone was created by 

intramembranous 
bone development. 



1. 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 

2. Hsu Y-H, Zillikens MC, Wilson SG, Farber CR, Demissie 

S, et al. (2010) An Integration of Genome-Wide 

Association Study and Gene Expression Profiling to 

Prioritize the Discovery of Novel Susceptibility Loci for 

Osteoporosis-Related Traits. PLoS Genet 6(6): e1000977. 

Logic Query 
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Specific data, facts, and observations 



In Mt: MolecularBiologyMt 

(implies 
  (isa ?MOLECULE-TYPE TranscriptionFactor) 
  (behaviorCapable ?MOLECULE-TYPE 
         (ChemicalBindingEventTypeWithTypesFn TranscriptionFactor DNAMolecule) 
         objectOfAttachment)) 

 

(isa AVPR2-Human-GIS GeneTypeBySpeciesAndProductFamily) 

(gene-GISTypeCodesForType AVPR2-Human-GIS VasopressinV2Receptor) 

In Mt : VertebratePhysiologyMt 

(relationExistsAll outputsCreated IntramembranousBoneGrowthAndDevelopment FlatBone) 

(implies (and (isa ?MUT GeneticMutationEvent-Cellular) 
    (locusOfCellularProcess-Cell ?MUT ?ANCESTOR) 
    (isa ?ANCESTOR Cell) 
    (subEvents ?REPRO ?MUT)) 
  (abnormal (TheList ?REPRO ?PROGENY ?ANCESTOR) 
    (implies(and 
             (isa ?REPRO AsexualReproductionEvent) 
             (outputsCreated ?REPRO ?PROGENY) 
             (isa ?PROGENY BiologicalLivingObject) 
             (doneBy ?REPRO ?ANCESTOR)) 
        (geneticallyIdentical ?ANCESTOR ?PROGENY)))) 

First Order 

With Context 

 Rule 

Exceptions 

Transcription factors can 
bind with DNA. 

Normally, the progeny of asexual 
reproduction are genetically 

identical to the parent; however, 
if the parent is a cell in which a 
mutation has occurred, this rule 

doesn’t apply.  

Each vertebrate flat 
bone was created by 

intramembranous 
bone development. 



Number of Statements 5,512,293,218 

Explicit statements 5,155,779,890 

Inferred statements 356,523,328 

Size on disk ~320GB 

Unique users Jan-Aug 2010 10,226 



1. 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 

2. Hsu Y-H, Zillikens MC, Wilson SG, Farber CR, Demissie 

S, et al. (2010) An Integration of Genome-Wide 

Association Study and Gene Expression Profiling to 

Prioritize the Discovery of Novel Susceptibility Loci for 

Osteoporosis-Related Traits. PLoS Genet 6(6): e1000977. 

Logic Query 









Down-
rank 

novelty 

Papers mention all three genes together 



Less likely More likely 

Likely novelty from 

co-occurence in 

literature 

More novel 

Less novel 

DCC interacts with CASP3, which interacts with AR, which interacts with 

IL6ST, which positively regulates osteoblast differentiation 

HTRA1 interacts with BMP4, which interacts with BMPR2, which interacts 

with BMP2, which has a role in regulating osteoblast differentiation and 

bone mineralization 



(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. 



(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. 

 (sufficientTriggeringSubEventTypes  TranscriptionFactorActivatedTranscription  
       (ChemicalBindingEventsWithTypesFn Gene-DNARegion TranscriptionFactor)) 
   Binding of a transcription factor to a DNA region is sufficient to begin transcription-factor-activated 
transcription. 
 
(implies (coactivatesTranscriptionOfTypeInitiatedByType ?COAC-TYPE ??GIS-TYPE ?TF-TYPE) 
            (behaviorCapable ?COAC-TYPE    
                (ChemicalBindingEventTypeWithTypesFn ?COAC-TYPE ?TF-TYPE) objectOfAttachment)) 
A molecule known to act as a coactivator with a certain transcription factor is capable of binding to that 
transcription factor molecule.  

(implies (coactivatesTranscriptionOfTypeInitiatedByType  
                     ?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 causes upregulation 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. 

This can be used to explain an “interaction” between a gene and a coactivator. 
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Framingham SHARe 
 . . . .  

CD40 ligand from plasma, ng/ml             CD40L 

TNF alpha, pg/ml                                   TNF 

Osteoprotegerin from plasma, pmol/L     TNFRSF11B 

Vitamin D, ng/l                                     CYP27B1  

Cystatin C, mg/L                                   CST3 

P-selectin from plasma, ng/ml                SELP 

 . . . . hundreds more 

? 

Gene of 
Interest 

Process 
affecting bone 

Assayed 
Substance 

  What data is available to test  hypothesis plausibility? 



Framingham SHARe 
 . . . .  

CD40 ligand from plasma, ng/ml             CD40L 

TNF alpha, pg/ml                                   TNF 

Osteoprotegerin from plasma, pmol/L     TNFRSF11B 

Vitamin D, ng/l                                     CYP27B1  

Cystatin C, mg/L                                   CST3 

P-selectin from plasma, ng/ml                SELP 

 . . . . hundreds more 
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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 





(generateFormulasForElements-TermIsa PubliclyHeldCorporation 
       (TheSet stockTickerSymbol)) 
 
(generateFormulasForElements-TermIsa CommercialOrganization 
       (TheSet importantCompany 
                    subOrganizations  
                    mainBusinessActivityOfOrgOccursAt  
                    foundingAgent  
                    incorporatedIn)) 
 



(generateFormulasForElements-TermIsa PubliclyHeldCorporation 
       (TheSet stockTickerSymbol)) 
 
(generateFormulasForElements-TermIsa CommercialOrganization 
       (TheSet importantCompany 
                    subOrganizations  
                    mainBusinessActivityOfOrgOccursAt  
                    foundingAgent  
                    incorporatedIn)) 
 



(generateFormulasForElements-TermIsa PubliclyHeldCorporation 
       (TheSet stockTickerSymbol)) 
 
(generateFormulasForElements-TermIsa CommercialOrganization 
       (TheSet importantCompany 
                    subOrganizations  
                    mainBusinessActivityOfOrgOccursAt  
                    foundingAgent  
                    incorporatedIn)) 
 











  

  

  

  



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



Renaissance Artists 

 

Kind of TimeInterval 

Noun Form: not plural Kind of Agent-Generic 

Noun form 
 

Bronze Age  Farmers 

  

  (SubcollectionOfWithRelationToFn 

      Artist activeDuringPeriod 

      TheRenaissance) 

  (SubcollectionOfWithRelationToFn 

     Farmer activeDuringPeriod 

     TheBronzeAge) 



Yellow Submarine 

 

Sick Child             

 (SubcollectionWithRelationToFn  
  Submarine  
  mainColorOfObject  
  Yellow) 

 (SubcollectionWithRelationToFn 
  HumanChild  
  stateOfHealth  
  Sick) 
 

Attributive Adjective & Noun 

Supporting Lexical Assertions: 

(adjSemTrans Yellow-TheWord 0 RegularAdjFrame 

  (mainColorOfObject :NOUN YellowColor)) 

(adjSemTrans Sick-TheWord 0 RegularAdjFrame 

  (stateOfHealth :NOUN Sick)) 
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 <template> 

    <nlPattern class="140080">the heart of $City#0</nlPattern> 

    <cyclPattern>  

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

    </cyclPattern> 

    <variable>?D</variable> 

    <type>#$Downtown</type> 

</template> 
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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, 

 AttackOnObject, that left five dead and 38 others wounded, 

 <template> 

    <nlPattern class="140060">$AttackOnObject#0 has killed $NonNegativeInteger#2 people and injured $NonNegativeInteger#3</nlPattern> 

    <cyclPattern>(#$thereExists ?ATTACK  

                    (#$and 

                      (#$isa ?ATTACK $AttackOnObject#0) 

                       (#$relationInstanceExistsCount #$animalInjuredIn ?ATTACK #$Person $NonNegativeInteger#3) 

                      (#$relationInstanceExistsCount #$organismKilled ?ATTACK #$Person $NonNegativeInteger#2)   )    ) 

    </cyclPattern> 

    <type>#$CycLSentence-Assertible</type> 

    <microTheory>#$CurrentWorldDataCollectorMt-NonHomocentric</microTheory> 

    <inferenceMode type=":MINIMAL"/> 

  </template> 

c.f.  AttackOnObject  has killed five people and injured 38 

 <template> 

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

             </nlPattern> 

    <cyclPattern>(#$thereExists ?ATTACK  

                    (#$and 

                      (#$isa ?ATTACK $AttackOnObject#0) 

                       (#$relationInstanceExistsCount #$animalWoundedIn ?ATTACK #$Person $NonNegativeInteger#3) 

                      (#$relationInstanceExistsCount #$organismKilled ?ATTACK #$Person $NonNegativeInteger#2)  )   ) 

    </cyclPattern> 

    <type>#$CycLSentence-Assertible</type> 

    <microTheory>#$CurrentWorldDataCollectorMt-NonHomocentric</microTheory> 

    <inferenceMode type=":MINIMAL"/> 

  </template> 
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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, 

 AttackOnObject, that left five dead and 38 others wounded, 

 <template> 

    <nlPattern class="140060">$AttackOnObject#0 has killed $NonNegativeInteger#2 people and injured $NonNegativeInteger#3</nlPattern> 

    <cyclPattern>(#$thereExists ?ATTACK  

                    (#$and 

                      (#$isa ?ATTACK $AttackOnObject#0) 

                       (#$relationInstanceExistsCount #$animalInjuredIn ?ATTACK #$Person $NonNegativeInteger#3) 

                      (#$relationInstanceExistsCount #$organismKilled ?ATTACK #$Person $NonNegativeInteger#2)   )    ) 

    </cyclPattern> 

    <type>#$CycLSentence-Assertible</type> 

    <microTheory>#$CurrentWorldDataCollectorMt-NonHomocentric</microTheory> 

    <inferenceMode type=":MINIMAL"/> 

  </template> 

c.f.  AttackOnObject  has killed five people and injured 38 

 <template> 

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

             </nlPattern> 

    <cyclPattern>(#$thereExists ?ATTACK  

                    (#$and 

                      (#$isa ?ATTACK $AttackOnObject#0) 

                       (#$relationInstanceExistsCount #$animalWoundedIn ?ATTACK #$Person $NonNegativeInteger#3) 

                      (#$relationInstanceExistsCount #$organismKilled ?ATTACK #$Person $NonNegativeInteger#2)  )   ) 

    </cyclPattern> 

    <type>#$CycLSentence-Assertible</type> 

    <microTheory>#$CurrentWorldDataCollectorMt-NonHomocentric</microTheory> 

    <inferenceMode 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” 

to prove: the transport in the 

bombing happened before the 

attack 
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• Transport of something to a place happens before the end of the thing 

transported (so, not after the attack).  

• If 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 

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) 

R
u
le

s
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(startsAfterEndOfInSituationType Bombing ClaimingResponsibility Detonation) 

Existing Content 

Similar: Needed 

Causal Constraints: 
(causes-SubSitTypeSubSitType Bombing Detonaton Dying) 

(requiresForRole Bombing Bomb deviceUsed) 

(requiresForRole Detonation Bomb inputsDestroyed) 

(requiresForRole TerroristSuicideBombing  Person bodilyDoer) 

We need these 

constraints, can they  

be read or learned? 
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Techniques: 

Acquire candidates: 

Automatically acquire from 

dbPedia, or 

Read from Wikipedia, or 

Import from macro-readers, or 

Fillers of templates, where 

there is evidence for 

effectiveness for type 

inference 

Confirmation by human 

beings, or 

by generate and test 




