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What is an Ontology?
• A formal, explicit specification of a shared 

conceptualization.
• A shared vocabulary that can be used to model a 

domain, i.e., the objects and/or concepts that 
exist, their properties and relations

• Imposition of specific set of conceptualizations on 
a domain of interest
– Tell me about analog electronics
– Tell me about digital electronics

• Definitions of terminology
– and constraints between terms

• Domain mini-theories



Ontology vs KB?
• Can think of an ontology as a kind of KB, but:

• Ontology serves different purpose:
– Only needs to describe vocabulary, axioms
– E.g. database schema is an ontology

• KB includes:
– Specific knowledge needed for problem-solving



• Scientific motivation: 
–Understand fundamental issues about human 
conceptualizations

Motivations
• Engineering motivation:

– Every knowledge-based system is based on an 
ontology of its domain

– Explication of the ontology is a time-consuming 
component of the development process

– Why not amortize the effort and share ontologies?
• E.g. “core ontologies” such as space, time, quantities

• Engineering motivation:

• Scientific motivation:



Pragmatic Motivations
• Responding to the unexpected
• Distributed Databases
• Distributed Applications
• Communicating Agents
• Semantic Web

db1 db2 db3

schema1 schema2 schema3

Common Ontology

Mediator

Analysis Common Ontology

Design Common Ontology
Application 1

Application 2

Key Question: What does 
he mean when he says 
<…>?

Person



Aspects of an Ontology

• Content
• Form 
• Purpose
• Development



Aspects of an Ontology

• Content
– types of objects, relationships
– e.g. the blocks world conceptualization includes:

• Object Classes: Blocks, Robot Hands 
• Properties: shapes of blocks, color of blocks
• Relationships: On, Above, Below, Grasp
• Processes:  stacking plan for a tower

• Form 
• Purpose
• Development



Aspects of an Ontology

• Content
• Form

– Is the taxonomic relationship (instance-of, subclass) 
primary?

– Are definitions of, or constraints on, terms provided?
– Is the definitional language as rich as a full logic?
– Is it process-centric or object-centric?

• Purpose
• Development



Aspects of an Ontology

• Content
• Form 
• Purpose

– Knowledge sharing
• E.g. Between people, software systems, agents

– Knowledge reuse 
• E.g. When models or systems change

– General (common sense) or domain specific
• Development



Aspects of an Ontology

• Content
• Form 
• Purpose
• Development

– Is it acquired or engineered?
– If acquired, what about:

• Quality of knowledge
• Diversity of content
• Trust in knowledge
• Unpredictable use



Building an Ontology
• Planning
• Specification - consider scope and purpose
• Knowledge Acquisition
• Conceptualization - glossary of terms, top-

down, bottom-up, middle-out
• Integration - of existing relevant ontologies
• Implementation 
• Evaluation - Clarity, Coherence, Extensibility, 

Minimal Encoding Bias, Minimal Ontological 
Commitment



Example Ontologies
see http://www.cs.utexas.edu/users/mfkb/related.html

    * ARPI Plan ning and Sch ed uli ng  o n to logi es
    * Aviat ion  On to log y
    * BPMO - Th e  Bus in es s P roc es s Ma n ag eme nt  On to log y
    * CYC (an d th e  d e riva tive  PDKB)
    * DOLCE -  a  Des cript ive  On to log y fo r Ling uis t ic a n d C o gni t ive  Engi neering .
    * Du b lin  Cor e  (bib liog raph ic o rg an iz at ion )
   * The  Ent e rp rise  Onto log y (for  b u s in es s e n te rpr ise s)
    * On to log ies f or  e tho log y (anim al be h av ior) , e .g . Log ge rh ead T u rt le
    * Fram eNe t (lex ical refe rence)
    * Gen eralized Up p er M o de l (for  NLP)
    * Mikroko sm os  (fo r NLP)
    * ON9  (th e CNR- ITBM On to log y Libra ry)
    * OWL- S - Th e  OWL (form erly DAML) Se rvice s  on to log y.
    * On to ling ua  On to log y Libra ry
    * Op enMin d datab ase  and OM CSNet S em ant ic N et wor k
    * Ph ar mG KB -  Pha rm aco gene tics  an d  Pha rm aco geno mic s  Kno wled ge  Bas e
    * PSL (p roces s s pe cifi ca tion)
    * Qo S (com p u te rs a n d  n et works )
    * SENSUS (for NLP)
    * STEP (for  pr o du ct data  ex ch an ge )
    * SUMO (th e  Sugg es ted  Upp er M erg ed  On to log y)
    * th e T wen te  On to log y Collection
    * UMLS  (b iome d icin e)
    * Wilkins ' on to log y (17t h  ce nt u ry!)
    * Word Ne t (lex ical re fe rence )



Example Tools for Ontologies
see http://www.cs.utexas.edu/users/mfkb/related.html,

http://www.xml.com/pub/a/2002/11/06/ontologies.html

    * Chim aera
    * CODE4
    * Gen eric Kn owled g e-B as e Ed itor
    * Ika rus
    * JOE (Java  O n to log y Editor)
    * KAON
    * KACTUS
    * OilEd
    * On toE d it
    * On tos aurus
    * Prote ge
    * Sn oba s e
    * Stan ford  On to log y Edito r
    * Sym Ont o s
    * Word Map



Protégé

http://protege.stanford.edu/



Some Large Ontologies

Published OnlineSemantic 
Network

135 Semantic Types, 
54 semantic relations, 
975,354 concepts

UMLS 
biomedicine

Published OnlineSemantic 
Network

70,000 terms
extension of WordNet

Sensus
text understanding

Published OnlineSemantic 
Network

152,059 word forms in 
115,424 synsets

WordNet
lexical memory

Published OnlineKIF
Also LOOM, 
OWL,Protege

1000 terms,
4200 assertions

SUMO
upper ontology

Partially Online: 
6000 Top 
Concepts

CYCL105 concept types, 106 

axioms
CYC
common sense



UMLS

Heart Diseases

Carcinoid 
Heart Disease

Endocarditis

Myocardial 
Ischemia

Arrhythmia

Coronary 
Desease

Coronary Aneurism

Coronary 
Arteriosclerosis

Angina Pectoris

Angina Pectoris 
variant

Angina unstable

Coronary Thombosis

Coronary Vasopasm

Shock Cardiogenic

Myocardial 
Stunning

Myocardial 
Infarction

Figure by MIT OCW.



CYC
• Goal: Encode all of human common sense 

knowledge
• Mechanization: human-entered axioms
• Periodic review, reorganization, compaction, 

separation into distinct mini-theories, not 
mutually consistent

• Driven by application domains
• Often seems ad-hoc



CYC Top Level Categories
Thing

Individual Object Intangible Represented Thing

Event IntangibleObject CollectionStuff

IntangibleStuffProcess

InternalMachineThing

Relationship

Slot

Attribute

AttributeValueSomethingExisting

Intelligence

CompositeTangible&IntangibleObject

TangibleObject

TangibleStuff



CYC Ontology



CYC Examples



CYC Examples (cont’d)



Perspectives
• Philosophy
• Library and Information Science
• Natural Language Processing
• Artificial Intelligence
• Semantic Web

Fredrik Arvidsson, Annika Flycht-Eriksson 



Perspectives
• Philosophy

– Objectives:  Classify and categorize the world
– E.g.: Aristotle … 

• Library and Information Science
• Natural Language Processing
• Artificial Intelligence
• Semantic Web



Perspectives
• Philosophy
• Library and Information Science

– Objectives:  organize bibliographic world, model 
universal and domain knowledge

– Usage:  provide access points to bibliographic entities
– E.g., MARC; LCC, UDC, SAB

• Natural Language Processing
• Artificial Intelligence
• Semantic Web



Perspectives
• Philosophy
• Library and Information Science
• Natural Language Processing

– Objectives:  Model lexical and domain knowledge
– Usage:  Machine Translation, Information Extraction, 

Q/A
– E.g.: Wordnet, Sensus, Generalised Upper Model

• Artificial Intelligence
• Semantic Web



Perspectives
• Philosophy
• Library and Information Science
• Natural Language Processing
• Artificial Intelligence

– Objectives:  Model common sense and domain 
knowledge

– Usage:  Knowledge representation and reasoning
– E.g.:  OpenMind, CYC; UMLS, ...

• Semantic Web



Perspectives
• Philosophy
• Library and Information Science
• Natural Language Processing
• Artificial Intelligence
• Semantic Web

– Objectives:  Provide semantics for web resources
– Usage:  Describe resources and their contents



Application Example

Document comparison (Xerox; Everett, et al. CACM, Feb 02)

– Goal:  Identify similar documents
– Have:  40,000 technician-authored tips for  copier repair



EXAMPLE OF EUREKA TIPS

PROBLEM

TI
P 

27
05

7
TI

P 
27

11
8

Left cover damage

The current safety cable used in the 5100 
Document Handler fails prematurely, 
causing the Left Document Handler Cover
to break.

The plastic jacket made the cable too 
stiff. This causes stress to be concentrated
on the cable ends, where it eventually
snaps.

When the old safety cable fails, replace it 
with the new one, which has the plastic
jacket shortened.

The left cover safety cable is breaking, 
allowing the left cover to pivot too far,
breaking the cover.

Remove the plastic sleeve from around 
the cable. Cutting the plastic off of the 
cable makes the cable more flexible,
which prevents cable breakage. Cable
breakage is a major source of damage 
to the left cover.

CAUSE SOLUTION

Figure by MIT OCW.
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Figure by MIT OCW.



Natural language requires a huge ontology… 
xxxxxxxxx

(1) The left cover broke in half.
(2) The sheet of paper breaks the light beam.
(3) Before doing step 3, you might want to break for coffee.



Natural language requires a huge ontology… 
xxxxxxxxx

(1) The left cover broke in half.                        BreakDamage
(2) The sheet of paper breaks the light beam. BreakInterrupt
(3) Before doing step 3, you might want to break for coffee.

BreakRecuperate



Natural language requires a more abstract ontology 
one.

(1) The left cover broke in half.                        BreakDamage
(2) The sheet of paper breaks the light beam. BreakInterrupt
(3) Before doing step 3, you might want to break for coffee.

BreakRecuperate

Map to concepts instead.



Incapacitate

Destroy

Force Destroy

Thermal Destroy

Fail

Break
Wreck

Destroy
Raze

Disable

Damage

Ruin
Demolish
Terminate

Crush
Shatter
Smash
Mangle
Pulverize

Fry
Incinerate
Melt

Squash
Shred
Eviscerate
Crunch
Topple
Mash
Devour
Puncture
Snap

Force Damage

Gouge
Trample
Scratch
Crash
Pierce
Chip
Tear
Crack
Cut
Crumple
Dent
Abrade
Rip
Slice
Bend
Nick

Thermal Damage

Burn

Scorch
Scald

Corrupt

Damage
Disrupt

Harm

Remove

Disable

A direct word-to-concept ontology for the concept Incapacitate.

Figure by MIT OCW.
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The short circuit burns
 the drive gear.

The heat from the short circuit
cracks the drive gear.
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A direct word-to-concept ontology for the concept Incapacitate.

Figure by MIT OCW.
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A direct word-to-concept ontology for the concept Incapacitate.

Figure by MIT OCW.



Document Comparison Summary
• Different ways to represent the same knowledge
• Use determines representation
• Represent only knowledge that is needed
• c.f.:  Common sense reasoning, don’t know use 

or what knowledge is needed. 



Success Using Ontologies?
• Domain-specific successes

– E.g. biomedicine
• More general use shows promise

– New languages
– New tools
– New applications
– Very active research community



Taxonomic Hierarchies
• Not always obvious what is class, instance, 

role, etc.

• E.g., what is the relationship between:
– time duration (instances e.g. 1 hr) and                

time interval (e.g. 1pm to 2pm today)?
– water and ocean?
– mammal and human and a particular human?
– human and species?
– book that is a bound volume, book that is abstract 

concept?



Other Examples

• Enterprise Ontology     (Edinburgh; Uschold, et al.)

• Document comparison (Xerox; Everett, et al.)



Other Examples

• Enterprise Ontology     (Edinburgh; Uschold, et al.)

– Goal: improve planning via shared enterprise model
– Meta-ontology: entities, relationships, states of affairs
– Examples





Other Examples

• Enterprise Ontology     (Edinburgh; Uschold, et al. AIAI, 1998)

• Document comparison (Xerox; Everett, et al. CACM, Feb 02)

– Goal:  Identify similar documents
– Have:  40,000 technician-authored tips for  copier repair
– Current system: analyzes 15 pairs of similar tips
– Examples



Incapacitate

Destroy

Force Destroy

Thermal Destroy

Fail

Break
Wreck

Destroy
Raze

Disable

Damage

Ruin
Demolish
Terminate

Crush
Shatter
Smash
Mangle
Pulverize

Fry? Incinerate
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Squash
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Eviscerate
Crunch
Topple
Mash
Devour
Puncture
Snap

Force Damage

Gouge
Trample
Scratch
Crash
Pierce
Chip
Tear
Crack
Cut
Crumple
Dent
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The short circuit burns
 the drive gear.

The heat from the short circuit
cracks the drive gear.

Burn

Scorch
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Corrupt

Damage
Disrupt
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Remove

Disable

A direct word-to-concept ontology for the concept Incapacitate.

Figure by MIT OCW.



Instead of traversing subsumption relations, logic representation  supports arbitrary 
binary relations between concepts.  Matching starts with MidLevel concepts, e.g. Damage.

Damage

Means

Force

Heat

Extent

Partial

Total

End State

Deformed

Pieces

Broken Integrity

Pierced

Cut

Mid Level

Concept Role

Material

Friable

Flammable

Brittle

Laminar

Elastic

Melt

Means

Heat

Extent

Partial

Total

End State

Deformed

Material

Elastic

Genis

Category Level

Low Level

Category Level

A description of logic-based ontology for Damage.

KEY

Metaproperty

Figure by MIT OCW.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




