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Common sense knowledge can be acquired manually
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• Knowledge engineers can build a common sense 
knowledge base in the following way:
1. Analyzing manually different sources of knowledge related to 

common sense (e.g., texts, experts, etc.), and
2. Writing the content of a knowledge base using an appropriate 

representation language (e.g., with a logic-based approach)

• Two representative cases are presented:
- Cyc project
- Sumo ontology



The Cyc project started in 1984

• The name Cyc is from encyclopedia 
• Cyc started by Douglas Lenat
• Developed by the company Cycorp (since 1995)

Douglas Lenat [Lenat, 1995] [Lenat, Guha, 1990] 
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Codify millions of pieces of knowledge that compose human 
common sense:

People fly in planes
The water is wet
…

What is the goal of the Cyc project?
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The project has generated a large knowledge base

7M assertions
0.5M terms 
25K types of relations

Cyc
knowledge

base

Note: These numbers change periodically as result of the KB development and maintenance
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What are words, terms and assertions?

• Words (thousands in usual vocabulary)
– Car
– Person

• Terms (hundreds of thousands)
– Fault tolerant computer
– Developing country

• Assertions (over a million)
– An electric guitar is a string musical instrument
– People fly in planes
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The knowledge base is structured in layers
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Is(event, temporal-thing), Is(temporal-thing, individual)

Is(a, event), Is(b, event),  Causes(a, b) à Precedes(a, b)

Is(x, bacteria), Is(y, animal) à
Causes(Exposed(y, x), Infected(y, x))

Is(John, person), Infected(John, anthrax)

8

The knowledge base is structured in layers
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How does Cyc represent knowledge?

• Cyc uses a logic-based representation

• Cyc uses a representation language called CycL

[Matuszek, et al., 2006]
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Constants are defined in CycL with the prefix #$

• Individuals

– #$BillClinton, #$Rover, #$DisneyLand

– #$likesAsFriend, #$bordersOn, #$objectHasColor

– #$and, #$not, #$implies, #$forAll

– #$RedColor, #$Soil-Sandy

• Collections

– #$Dog, #$SnowSkiing, #$PhysicalAttribute
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[Objects]

[Relations]

[Logical connectives, quantifiers] 

[Attribute values]



Sentences are used to form assertions and queries

• A TruthFunction:
• is a relation that can be used to form sentences
• begins with a lower-case letter

• Types of TruthFunctions:
• Predicates: #$likesAsFriend, #$objectHasColor, #$isa
• Logical Connectives:  #$and, #$or, #$not, #$implies 
• Quantifiers: #$forAll, #$thereExists
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(#$isa #$John #$Person)

(#$likesAsFriend #John #$Peter)



(#$isa X Y) means:
“X is an instance of collection Y”

Examples:
(#$isa #$EiffelTower #$Tower)
(#$isa #$Canada #$Country)
(#$isa #$John #$Person)
(#$isa #$UnitedStatesMarineCorps #$ModernMilitaryOrganization)

Instances are represented using  #$isa

13



Collections are represented using  #$genls

(#$genls X Y)means:
“Every instance of collection X is also an instance of collection Y”

Examples:
(#$genls #$Dog #$Mammal)
(#$genls #$Tower #$FixedStructure)
(#$genls #$ModernMilitaryOrganization #$Organization)

Sometimes expressed as:
“Y is a genls (generalization) of X”
“X is a spec (specialization) of Y”
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(#$and
(#$performedBy #$GettysburgAddress #$Lincoln)
(#$objectHasColor #$Rover #$TanColor))

(#$or
(#$objectHasColor #$Rover #$TanColor)
(#$objectHasColor #$Rover #$BlackColor))

(#$not
(#$mainColorOfObject #$Rover #$RedColor))

(#$implies
(#mainColorOfObject #$Rover #$TanColor)
(#$not (#$mainColorOfObject #$Rover #$RedColor)))

Logical connectives
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Quantifiers

Universal Quantifier
(#$forAll ?THING
(#$isa ?THING #$Thing))

Existential Quantifier:
(#$thereExists ?JOE
(#$isa ?JOE #$Poodle))

Others:
(#$thereExistsExactly 12 ?ZOS
(#$isa ?ZOS #$ZodiacSign))

(#$thereExistsAtLeast 9 ?PLNT
(#$isa ?PLNT #$Planet))

Everything is a thing

Something is a poodle

There are exactly 12 zodiac signs

There are at least 9 planets
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(#$thereExists ?PLANET
(#$and

(#$isa ?PLANET #$Planet)
(#$orbits ?PLANET #$Sun)))

(#$forAll ?PERSON1
(#$implies

(#$isa ?PERSON1 #$Person)
(#$thereExists ?PERSON2

(#$and
(#$isa ?PERSON2 #$Person)
(#$loves ?PERSON1 ?PERSON2)))

Examples

$x[IsA(x, planet) ∧ Orbits(x, Sun)]

There is at least one planet orbiting the Sun

"x [IsA(x, person) ® $y [IsA(y, person) ∧ Loves(x, y)]]

Everybody loves somebody

(#$implies
(#$isa ?X (#$FruitFn #$AppleTree))
(#$colorOfObject ?X #$RedColor))

IsA(x, Fruit(appleTree)) ® ColorOfObject(x, redColor)

The fruit of the apple tree is red
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There are terms for domain specific relations

Biological relatives
(#$biologicalRelatives #$JerryLeeLewis #$JimmySwaggart)

Geographical subregions
(#$geographicalSubregions #$UnitedStates #$Utah-State)

Orbits 
(#$orbits #$MoonOfEarth #$PlanetEarth)
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Specific predicates can be used to define syntax and 
semantics of other predicates

arity
(#$arity #$biologicalMother 2)

arg1Isa, arg2Isa, ....
(#$arg1Isa #$biologicalMother #$Animal)
(#$arg2Isa #$biologicalMother #$FemaleAnimal)
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The inference engine is a goal-directed theorem prover

Optimized for a large knowledge base:

• Shallow (incomplete)
– The inference engine stops after a prefixed limit:

• After T seconds, N depth steps, M chain rules, or N answers
• Uses a small percentage of the knowledge base and not many steps

• Heuristics
– Cyc has a set of heuristics (thousands) to rank potential inferences in a 

preference order. 

• Contexts 
– Cyc’s inference manages consistency with local inferences in microtheories.
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Cyc has been used in multiple applications

Medical Records Analysis 
Semantic interface to medical records databases

Intelligence / Counter-terrorism Analysis 
Knowledge base about terrorism  with a natural-language question-answering system

Financial Analysis 
Questions that will impact their investment and trading decisions

TextPrism
Delivers information based on an individual‘s specific interests (with interest rules)

CycSecure
Security risk management and network intrusion prevention tool
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OpenCyc is an open version of 
the Cyc knowledge base

• OpenCyc is part of Cyc
– Only the core Cyc ontology 

• Release 4.0 includes:
– 2,100,000 triples and 240,000 terms 
– A java-based Cyc Inference Engine 
– The Cyc Knowledge Base Browser

• There is a more complete version for research purposes
– ResearchCyc
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https://www.cyc.com
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http://dev.cyc.com
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• Strengths
– The first attempt to build a common sense KB (1984)
– Large content (millions of assertions about universals)
– Expressive language and powerful inference (CycL, theorem prover)
– Practical applications (terrorism, medicine, etc.)

• Weaknesses
– Cyc is a commercial approach partially closed
– It is incomplete 
– Unsatisfactory treatment of some concepts

What are the strengths and weaknesses of Cyc?
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Sumo is a public knowledge base

• The name Sumo is from Suggested Upper Merged Ontology 
• Developed initially in the company Teknowledge and then 

the company Articulate Softwre
• Adam Pease is the technical editor of Sumo

Adam Pease

[Pease et al., 2002] 
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The size of Sumo is small 
compared to the Cyc knowledge base

Sumo
knowledge

base

81,000 axioms
22,000 terms 
5,000 rules
1,400 relations
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Sumo uses the logic-based language SUO-KIF

(forall (?X ?Y)
(=>
(and
(instance ?X Farmer)
(instance ?Y Tractor))

(likes ?X ?Y)))

"x, y [Instance(x, farmer) ∧ Instance (y, tractor) ® Likes(x, y)]

(=> 
(instance ?X Atom) 
(exists (?Y ?Z) 
(and      
(component ?Y ?X) 
(component ?Z ?X) 
(instance ?Y Proton) 
(instance ?Z Electron)))) 

Instance(x, atom) ® $y $z [Comp(y, x) ∧ Comp(z, x) ∧ Instance (y, proton) ∧ Instance (z, electron) ]
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The knowledge base is structured in three main layers

Upper-level ontology

Mid-level ontology

Domain ontologies
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(subrelation overlapsSpatially connected)
(instance overlapsSpatially ReflexiveRelation)
(instance overlapsSpatially SymmetricRelation)

(<=>
(overlapsSpatially ?OBJ1 ?OBJ2)

(exists (?OBJ3)
(and

(part ?OBJ3 ?OBJ1)
(part ?OBJ3 ?OBJ2))))

(=>
(and

(member ?OBJ1 ?COLL)
(member ?OBJ2 ?COLL)
(not (equal ?OBJ1 ?OBJ2)))

(not
(overlapsSpatially ?OBJ1 ?OBJ2)))

(=> 
(and 

(instance ?REL CaseRole) 
(instance ?OBJ Object)
(?REL ?PROCESS ?OBJ)) 

(exists (?TIME) 
(overlapsSpatially (WhereFn ?PROCESS ?TIME) ?OBJ)))

Extract from the upper-level ontology:
relation “overlapsSpatially”

OBJ1 OBJ2

OBJ3
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(subclass Divorcing Declaring)

(=>
(instance ?D Divorcing)
(exists (?P1 ?P2 ?T1 ?T2)

(and
(holdsDuring ?T1 

(spouse ?P1 ?P2))
(holdsDuring ?T2 

(not (spouse ?P1 ?P2)))
(finishes ?T1 ?D)
(starts ?T2 ?D))))

Extract from the mid-level ontology:
subclass “Divorcing”
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• communications, 
• countries and regions, 
• economy, finance, 
• automobiles and engineering components, 
• food, 
• sports, 
• shopping catalogs and Hotels, 
• geography, 
• government and Justice, 
• language taxonomy, 
• media and music, 
• military (general, devices, processes, people), 
• people and their emotions, 
• physical elements, 
• ...

Sumo includes a variety of domain ontologies
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Sumo website: http://www.adampease.org/OP/
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[Pease, Benzmüller, 2002] Sigma: An integrated development environment
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• Strengths
– Open source initiative

– Expressive representation and inference (SUO-KIF, Vampire)

– Software resources (e.g., Sigma)

• Weaknesses
– Small size compared to Cyc: 81K axioms (Cyc 7M assertions)

– Incomplete content

What are the strengths and weaknesses of Sumo?
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There are other initiatives related to Cyc and Sumo

• ThoughtTreasure
– A common sense knowledge base initiated by E. Mueller. Size: 

27,000 concepts and 51,000 assertions (from 1993 to 2000) 
[Mueller, 1998]

• Upper ontologies
– There a multiple proposals developed as upper ontologies 

(BFO, DOLCE, GFO, COSMO, etc.)
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What are the strengths and weaknesses of manual 
acquisition of common sense knowledge?
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• Strengths
– The content of the knowledge base can grow in a more controlled way 
– Implicit common sense knowledge, which is not written in texts, can 

be identified and formulated by knowledge engineers
– Expressive logic-based languages can be used with powerful inference 

methods
• Weaknesses

– The effort required for manual acquisition of common sense 
knowledge is considerable

– The current common sense knowledge bases are that are built 
manually are incomplete
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Course “Common sense reasoning”. 
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