
Problems in FormalizationProblems in Formalization
(AKA The Limits of Logic) (AKA The Limits of Logic) 



Summary (I)Summary (I)

Information LevelsInformation Levels
Define Information by What it DoesDefine Information by What it Does
Nominal||Attribute FormNominal||Attribute Form

Hierarchy of AttributesHierarchy of Attributes
Basis for Lattice DescriptionsBasis for Lattice Descriptions

Medical Reasoning and PracticeMedical Reasoning and Practice
VerticalVertical
Oriented Toward AttributesOriented Toward Attributes



Summary (II)Summary (II)

Cooperative ComputationCooperative Computation
Formalization a NecessityFormalization a Necessity

Enables ComputationEnables Computation
Aids ConceptionAids Conception

Terminological Imperative Terminological Imperative 
Not the only ImperativeNot the only Imperative
Machine ProcessibleMachine Processible
Human UnderstandableHuman Understandable



How Do We Achieve It ?How Do We Achieve It ?

Formal SymbolizationFormal Symbolization
Establish Tokens for TermsEstablish Tokens for Terms
Logical Relationships Among TermsLogical Relationships Among Terms

DefinitionalDefinitional
ContextualContextual

Understandable by HumansUnderstandable by Humans
Use Names We RecognizeUse Names We Recognize
Represent ContextsRepresent Contexts

InterfaceInterface to Aid Us in Establishing Tokens for a to Aid Us in Establishing Tokens for a 
Given OperationGiven Operation



The Naïve ApproachThe Naïve Approach

Controlled Set of TermsControlled Set of Terms
Controlled DefinitionsControlled Definitions
Enforce UseEnforce Use



ProblemsProblems

Terms often idiosyncraticTerms often idiosyncratic
Users do not understand definitionsUsers do not understand definitions
Difficult to maintainDifficult to maintain
Not scalable Not scalable 

Need toolsNeed tools
Tools have formal methodsTools have formal methods



First RefinementFirst Refinement

Use Entry TermsUse Entry Terms
Enable User to Find Correct Controlled TermEnable User to Find Correct Controlled Term
Transparent Equivalence of Terms in SystemTransparent Equivalence of Terms in System



More SophisticatedMore Sophisticated

Concept OrientationConcept Orientation
Build a ThesaurusBuild a Thesaurus

One Token One Token -- One MeaningOne Meaning
Disambiguate TermsDisambiguate Terms

Content is KingContent is King



Cimino’s DesiderataCimino’s Desiderata

Concept OrientationConcept Orientation
MultipurposeMultipurpose
Multiple GranularityMultiple Granularity
PolyhierarchicalPolyhierarchical
UnambiguousUnambiguous
Formal DefinitionsFormal Definitions
NonredundancyNonredundancy



Cimino’s Desiderata (Technical)Cimino’s Desiderata (Technical)

Meaningless IdentifiersMeaningless Identifiers
Concept PermanenceConcept Permanence
No “NEC”No “NEC”
Evolve Gracefully Evolve Gracefully 



The Concept of ConceptsThe Concept of Concepts

Lexical ConceptsLexical Concepts
Mental RepresentationsMental Representations
The Semiotic TriangleThe Semiotic Triangle

Concept
(Mental)

Object

Term
(Lexical)



Instances and Categorical NamesInstances and Categorical Names

InstancesInstances
Proper Names Proper Names -- single entitiessingle entities
Looks easyLooks easy
Authority File Authority File 
But, patient identification remains problematicBut, patient identification remains problematic
Semiotic Triangle makes senseSemiotic Triangle makes sense

Categorical NamesCategorical Names
Natural Objects in Lattice DescriptionNatural Objects in Lattice Description
Other Objects (Artifacts) Are  DifferentOther Objects (Artifacts) Are  Different



Intensionality and ExtensionalityIntensionality and Extensionality

Frege Frege -- Use in ExpressionsUse in Expressions
Sense Sense 

Morning Star is bright (when?)Morning Star is bright (when?)
Evening Star is bright Evening Star is bright 

ReferenceReference
Venus = Morning Star = Evening StarVenus = Morning Star = Evening Star



Natural and Coded ExpressionsNatural and Coded Expressions

Context Implied by ConnotationContext Implied by Connotation
Diabetic KetoacidosisDiabetic Ketoacidosis
Diabetes with KetoacidosisDiabetes with Ketoacidosis

Conversational ImplicativesConversational Implicatives
Patient denies Alcohol UsePatient denies Alcohol Use



Linguistic ComplicationsLinguistic Complications

Zipf’s LawZipf’s Law
Metaphoric LanguageMetaphoric Language
AnaphoriaAnaphoria



Concepts as Synonym ClassesConcepts as Synonym Classes

Definition of SynonymyDefinition of Synonymy
ExtensionalExtensional
IntensionalIntensional

Identity versus EquivalenceIdentity versus Equivalence
PlesionymyPlesionymy



Coding Expressions Coding Expressions 

The “Fuzzy Concept”The “Fuzzy Concept”
Entry VocabularyEntry Vocabulary

PlesionymsPlesionyms
PseudosynonymsPseudosynonyms
Overlapping MeaningsOverlapping Meanings



Precoordination and Precoordination and 
PostcoordinationPostcoordination

DefinedDefined
Single Term = precoordinatedSingle Term = precoordinated
Composite Expression  = postcoordinationComposite Expression  = postcoordination

Atomic ExpressionsAtomic Expressions
Level  of Discourse Determines AtomicityLevel  of Discourse Determines Atomicity



Representational IntegrityRepresentational Integrity

One Meaning One Meaning -- One PlaceOne Place
ExemplifiedExemplified

Pregnancy/complications and Pregnancy Pregnancy/complications and Pregnancy 
ComplicationsComplications
Pneumococcal PneumoniaPneumococcal Pneumonia

More than NonMore than Non--redundancyredundancy
PrePre-- and Postand Post--CoordinationCoordination
Multiple ExpressionsMultiple Expressions

No Unrecognized SynonymyNo Unrecognized Synonymy



Achieving RIAchieving RI

Entry CombinationsEntry Combinations
Mapping RulesMapping Rules
Description LogicDescription Logic



Description LogicDescription Logic

Development of Models and Axes Development of Models and Axes 
Axes of DescriptionAxes of Description
Axes analogous to Comptean hierarchy?Axes analogous to Comptean hierarchy?
Assertion of synonymy if values on axis are Assertion of synonymy if values on axis are 
identicalidentical



Axis DevelopmentAxis Development

AuthoritativeAuthoritative
ValidityValidity
CurrencyCurrency

Update ModelUpdate Model



Axes of Description Axes of Description --CriteriaCriteria

OrthogonalityOrthogonality
SuitabilitySuitability
URU CriteriaURU Criteria

UnderstandableUnderstandable
ReproducibleReproducible
UsefulUseful

Formal Ontology?Formal Ontology?



Does DL Work?Does DL Work?

Identity at level of abstractionIdentity at level of abstraction
Intended meaning may be deeperIntended meaning may be deeper
Like diagnosis, often a problem of recognitionLike diagnosis, often a problem of recognition



Paradoxes in TerminologyParadoxes in Terminology

Content seemingly defies logicContent seemingly defies logic
The way we use words often defies formal The way we use words often defies formal 
definitionsdefinitions

WaveWave--particle dualityparticle duality
The Escher phenomenon The Escher phenomenon 
Godel’s TheoremGodel’s Theorem

Logicians do not understand contentLogicians do not understand content
Categorical Names of ArtifactsCategorical Names of Artifacts
Natural Objects (open lattice description)Natural Objects (open lattice description)



Conclusions about TerminologyConclusions about Terminology

Perfect Formalization ImpossiblePerfect Formalization Impossible
Entry Vocabulary Helps  Entry Vocabulary Helps  
Human Linguistic ShortcutsHuman Linguistic Shortcuts
Logical LimitsLogical Limits

Representational Integrity ImportantRepresentational Integrity Important
Description Logic an Important StepDescription Logic an Important Step

Updates Demand Attention! Updates Demand Attention! 



The Importance of UpdatesThe Importance of Updates

Nature of Scientific DiscoveryNature of Scientific Discovery
Find  Something NewFind  Something New

Assert A PropertyAssert A Property
What Makes It DifferentWhat Makes It Different

Undiscovered RelationshipsUndiscovered Relationships

Knowledge Must be Reflected in TerminologyKnowledge Must be Reflected in Terminology
How Is It Reflected in Previously Encoded How Is It Reflected in Previously Encoded 
Knowledge?Knowledge?



Update Penalty Update Penalty 

Add Local TermsAdd Local Terms
Maintain Representational IntegrityMaintain Representational Integrity
Every update Every update 

ReconciliationReconciliation
ResynchronizationResynchronization



Living in the Real WorldLiving in the Real World

Perfection is ImpossiblePerfection is Impossible
Understand Where Breakdowns OccurUnderstand Where Breakdowns Occur
Engineering ChoicesEngineering Choices

Needs for FormalityNeeds for Formality
EnginesEngines
InterfacesInterfaces
User needsUser needs


