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Berners LeeBerners Lee
The Semantic Web gives you an especially powerful form 

of data integration. It does this by using URIs, and by 
connecting your raw data (in databases XML documentsconnecting your raw data (in databases, XML documents, 
etc) to a model of the real things (like customers, 
products, etc.) which your business uses. Any system p , ) y y y
which does one without the other won't get the effect of 
allowing data from one application to be used in 

d b h li i A dunexpected new ways by other applications. And any 
system which does the same thing but doesn't use the 
common standards isn't going to be compatible and socommon standards isn t going to be compatible, and so 
isn't going to be part of it. 
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Berners LeeBerners Lee
The Semantic Web is not about the meaning of English 

documents. It’s not about marking up existing HTML 
documents to let a computer understand what they saydocuments to let a computer understand what they say. 
It’s not about the artificial intelligence areas of machine 
learning or natural language understanding -- they use g g g g y
the word semantics with a different meaning. It is about 
the data which currently is in relational databases, XML 
d d h d i f ddocuments, spreadsheets, and proprietary format data 
files, and all of which would be useful to have access to 

h d t bas one huge database.
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PurposePurpose

“How do you establish semantic 
equivalence?  A standard criteria set, but it q ,
could be different for different domains.  In 
aircraft tolerances are strict on groundaircraft, tolerances are strict, on ground, 
different rule sets apply.”

““Three domains but the same object – to 
establish mappings, business rules are pp g
different, aimings are different”
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PurposePurpose

Thesis: Interoperable ontology models, 
interoperable ontology is only part of the p gy y p
task

Quality in ontology content is equallyQuality in ontology content is equally 
important – this can’t just left as an 
“ f ” O“exercise for the users”.  Ontology 
construction process, purpose, etc. must p p p
be a controlled and regulation discipline in 
its own right.
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PurposePurpose

This talk focuses on Level 3 – the Ontology 
instance level.
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PurposePurpose
Ontology: “A specification of the kinds of entities 

th t i t i t i d i bj tthat exist or may exist in some domain or subject 
area.”1

• Information models describe data that identify, 
document and characterize entities in some 
domain of subject area.

• Ontology, if done right, provides the foundation gy, g , p
for information (model) interoperability.

• This talk is about some steps that the NationalThis talk is about some steps that the National 
Cancer Institute is taking to try to do ontology 
right (or at least better)
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Ontology and TerminologyOntology and Terminology
(Hajime Horiuchi)(Hajime Horiuchi)22(Hajime Horiuchi)(Hajime Horiuchi)22
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The NCI ThesaurusThe NCI Thesaurus

• Started in 1999
• A major effort to integrate molecular and clinical j g

cancer-related information within a unified 
biomedical informatics framework, with 
controlled terminology as its foundational layer.3

• “Designed to meet the growing need forDesigned to meet the growing need for 
accurate, comprehensive, and shared 
terminology, covering topics including: cancers,terminology, covering topics including: cancers, 
findings, drugs, therapies, anatomy, genes, 
pathways, cellular and subcellular processes,

9/22/2008 12

pathways, cellular and subcellular processes, 
proteins, and experimental organisms.” 3



The NCI ThesaurusThe NCI Thesaurus

• “… a partial model of how these things 
relate to each other, responding to actual , p g
user needs and implemented in a 
deductive logic framework ” 3deductive logic framework ...  
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The NCI ThesaurusThe NCI Thesaurus

• As of 2008-08:
– ~ 64,000 entries

• ~58, 000 “primitive” (necessary, but not sufficient)
– ~ 190,000 terms

~ 46 000 textual definitions– ~ 46,000 textual definitions
– ~ 48,000 asserted relations

• Created using Apelon TDE editorCreated using Apelon TDE editor
– OWL DL Version available as well

• Part of the caCORE infrastructure stack 
http://ncicb.nci.nih.gov/NCICB/infrastructure 

• Open caBIO API and browsed via the web 
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NCI Thesaurus
Top Node
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NCI Thesaurus
Sample Page
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NCI ThesaurusNCI Thesaurus
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Ceuster’s CritiqueCeuster s Critique

A Terminological and Ontological Analysis of 
the NCI Thesaurus
- Ceusters / Smith / Goldberg, Methods of Information in 
Medicine 44 (2005) 498-507Medicine, 44 (2005), 498-507
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Ceusters’ CritiqueCeusters  Critique

Version 04.08b of the NCI Thesaurus suffers from 
the same broad range of problems that have 
been observed in other biomedical terminologies. 
For its further development, we recommend the 
use of a more principled approach that allows 
the Thesaurus to be tested not just for internal 
consistency but also for its degree of 
correspondence to that part of reality which it is 
designed to represent.
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Ceuster’s Critique
(Excerpts)

We have measured the NCIT’s qualities 
along three lines: g

1) Conformity with relevant terminological 
standards put forward by ISOstandards put forward by ISO

2) Ontological principles
3) Appropriateness of OWL as a knowledge 

exchange formatexchange format.
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Ceusters’ Critique
ISO Conformance

ISO 704 2000 T i l k P i i l d th d• ISO 704:2000 Terminology work – Principles and methods
• ISO 860:1996 Terminology work – Harmonization of concepts and terms
• ISO 1087-1:2000 Terminology work – Vocabulary – Part 1: Theory and gy y y

application
• ISO 15188:2001 Project management guidelines for terminology 

standardization
• ISO 1087-2:2000 Terminology work – Vocabulary – Part 2: Computer 

applications
• ISO 12620:1999 Computer applications in terminology – Data CategoriesISO 12620:1999 Computer applications in terminology Data Categories
• ISO 16642:2003 Computer applications in terminology – Terminological 

markup framework
ISO 2788 1986 D t ti G id li f th t bli h t d• ISO 2788:1986 Documentation – Guidelines for the establishment and 
development of monolingual thesauri
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Ceusters’ Critique
ISO Conformance Findings

…very many NCI concepts would benefit 
from a clear definition, since it is often ,
hard to grasp what they stand for in reality 
and browsing the hierarchy often gives noand browsing the hierarchy often gives no 
further clues.

.
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Ceusters’ Critique
ISO Conformance Findings

Ontology: “The word ontology has a long 
history in philosophy, in which it refers to y p p y,
the study of being as such. In information 
science an ontology is an explicit formalscience, an ontology is an explicit formal 
specification of how to represent the 
objects concepts and other entities thatobjects, concepts and other entities that 
are assumed to exist in some area of 
interest and the relationships among 
them.” 

9/22/2008 24Note: This has changed since the Critique…



Ceusters’ Critique
ISO Conformance Findings

Antitubercular Agent:
Drugs used in the treatment of tuberculosis. They g y

are divided into two main classes: ‘first-line’ 
agents, those with the greatest efficacy and g g y
acceptable degrees of toxicity used successfully 
in the great majority of cases; and ‘second-line’ 
drugs used in drug-resistant cases or those in 
which some other patient-related condition has 
compromised the effectiveness of primary 
therapy.
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Ceusters’ Critique
ISO Conformance Findings

Disease Progression enjoys three 
definitions:

(1) Cancer that continues to grow or spread.
(2) I i th i f t d(2) Increase in the size of a tumor or spread 

of cancer in the body.
(3) The worsening of a disease over time.
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Cuesters’ Critique
Ontological Principles

The BFO Ontology
• Universals / ParticularsUniversals / Particulars
• Continuants / Occurrents

– Parthood can’t cross boundary
– Is “incision” the act or the result of the act?

• Independent / Dependent continuant

9/22/2008 27



Cuesters’ Critique
Ontological Principles

Top level category “Conceptual Entities”
…they are mostly not abstract at all, but rather highly y y , g y

concrete, including: action, change, color, death, 
event, fluid, injection, temperature (and many others 
in similar vein).

Moreover the definition itself contravenes the principle 
ti d l d b t th ff t th t d fi itimentioned already above to the effect that definitions 

should define concepts and not words. (We hasten to 
point out that the NCIT is not by any means alone inpoint out that the NCIT is not by any means alone in 
having troubles with the weasel phrase “conceptual 
entity”.)

9/22/2008 28
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Cuesters’ Critique
Ontological Principles

• Biological Function / Biological 
Process:

• Anatomic Structure, System, or 
Substance / Anatomic Structures andSubstance / Anatomic Structures and 
Systems:

• Organism / Organisms:
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Cuesters’ Critique
Ontological Principles

The most fundamental problem for the NCIT, 
however, is the unprincipled way in which , p p y
its class hierarchy is built up. For this 
means that it ignores the basic ontologicalmeans that it ignores the basic ontological 
distinctions between continuants and 
occurrents on the one hand andoccurrents on the one hand, and 
dependent and independent entities on the 
other. 
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Ceusters Critique
OWL Usage

Some vs. All
• Human-Organ HasLocation allValuesFromHuman Organ HasLocation allValuesFrom 

Human-Body-Region
P i iti D fi d ( t i iti )• Primitive vs. Defined (most primitive)

• Formal vs. “Verbal” definitiono a s e ba de t o
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2007 Evaluation2007 Evaluation

Contract Issued in 2006 – primary goal was 
to start with Ceusters’ Critique and create q
and demonstrate recommendations on 
how to correct the various issueshow to correct the various issues

Primary work done by Apelon (Harold 
S ) 2006 200Solbrig, Frank Din) 2006-2007
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2007 Evaluation
Deliverables (partial)

• Summarize NCBO as relates to ontology content and 
federation
R i d i t lit t d t d d• Review and summarize current literature and standards 
relevant to the quality and federation aspects of 
ontologiesontologies

• Use the results of this review to create an Ontological 
Criteria Report that lists and describes the goals that we C e a epo a s s a d desc bes e goa s a e
believe that the NCI Thesaurus must meet, 
– will include requirements for semantic, ontological and 

terminological quality and consistency
– prioritized into high, medium and low categories to reflect the 

order that we believe that the issues need to be addressed.
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Evaluation
Elements considered vital

Increase the ability to utilize the resources 
(SME’s and curators) available to NCI ( )
today in a way that

• Focuses on their primary area of• Focuses on their primary area of 
expertise

• Is as lossless as possible

9/22/2008 35SME – Subject Matter Expert



Elements considered vital 
Focus on area of Expertise

Capturing subject matter knowledge
– Focus on capturing information

• Not on the exercise of technology skills

– Capture the complete picture 
• Record even if the tooling doesn’t currently support it
• Don’t waste time trying to make something fit that the current 

tools can’t deal withtools can t deal with
• Minimize underlying assumptions – SME’s, by nature, have a 

tacit contextual base.  This needs to be made as explicit as 
possible by asking questions requiring completepossible by asking questions, requiring complete 
documentation.
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Elements considered vital 
Minimize Loss

• Proceed one step at a time, but try to take 
as few steps backwards as practicalp p
– Record the information while you’ve got the 

SME at handSME at hand
– Get sufficient detail that non-SME’s should be 

able to (re )encode the information intoable to (re-)encode the information into 
different computational paradigms without 
major re recording expensesmajor re-recording expenses.
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NCIt (2006)NCIt (2006)

• 82% of the entries are marked as primitive 
– they define some necessary conditions y y
for membership, but not the sufficient 
conditionsconditions
– This is not a bad thing – some would argue 

that the number is suspiciously lowthat the number is suspiciously low.
– It does mean, however, that the entries are 

f ll d ib d f ll d fi dformally described, not fully defined
• Which means that we are at least partially 

d d t th t t l t d fi iti
9/22/2008 38

dependent on the textual terms, definitions, 
synonyms to understand the author’s intent



NCIt (2006)NCIt (2006)

• 39% of the primitive entries currently lack 
definitions
– This is sometimes inappropriate, as there are 

some things that shouldn’t be defined (e gsome things that shouldn t be defined (e.g. 
chromosome locations, drug packaging, etc)
There are still a lot however that should have– There are still a lot, however, that should have 
been defined, and after-the-fact analysis 
doesn’t always workdoesn t always work

– Formalization requires understanding of intent 
t j t
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NCIt (2006)NCIt (2006)

• Where formal definitions do exist, there 
isn’t a clear partition between defining and p g
assertional knowledge.

ABI2 wt Allele isA ABI2 Gene that– ABI2_wt_Allele isA ABI2_Gene that
• Is found in organism “Human”
• Is locate at 2q33

Defining
• Is locate at _2q33
• Has location _2_20401886668-204117837

I ( b ?) l t i th• Is (can be?) an element in the 
Actin_Branching_Pathway 

Assertional

9/22/2008 40
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NCIt (2006)NCIt (2006)

• Attempts have been made to formalize 
semantics that are unavailable to the 
current tools:

Allele Ceases Function In Pathway– Allele_Ceases_Function_In_Pathway
– Disease_Excludes_Abnormal_Cell
– Disease_May_Have_Abnormal_Cell 

• This information is useful, but the ,
encoding masks the original intent.
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Evaluation
Recommendations

1. Traceability and reproducibility
2. Rules and techniques for consistent and q

precise definitions, designations and 
annotations

3. Semi-automated methodologies to validate 
and align definitions with corresponding formaland align definitions with corresponding formal 
relationship structures

4 Adopt a meta-model for the ontological4. Adopt a meta-model for the ontological 
resources
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General Goals
(continued)

5. Differentiate thesaurus and ontology
6. Subdivide the thesaurus by subject field / y j

discipline
7. Organize the ontology horizontally by subject7. Organize the ontology horizontally by subject 

field and vertically by ontological “meta-type”
8 Adopt faceted / dimensional classification8. Adopt faceted / dimensional classification 

schemes
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Goal 1: Traceability and 
reproducibility

Preserve links to the source material, 
process, context, etc.p , ,

• Reference documents
C t t f t• Context of request

• Who did the entry, with what toolso d d t e e t y, t at too s
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Goal 1
Motivations

Cost - A significant portion of the cost of 
assembling a terminological resource is in g g
gathering the information to be organized. 

Verifiability Preserving the inputVerifiability - Preserving the input 
information allows validation, verification 

( Cand subsequent processing (ala. Columbia 
Semantic Net studies))
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Goal 1
Proposed Solution(s)

• Semantic MediaWiki – record dialog, 
history, audit traily,

• “Semantic SVN”
T l f i t t d t• Tools for consistent and accurate 
references 
– URI’s for documents and other resources
– Online dereferencing where possibleOnline dereferencing where possible
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Goal 2: Definitions, Designations 
and Annotations

• Derived from ISO documents
– 704
– 1087
– Z39.19
– …

• Despite ISO advice to the contrary, seems to p y,
work best post (or concurrent with) ontology 
alignmentg

• Loosely structured list available in spreadsheet
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Goal 2: DefinitionsGoal 2: Definitions

D fi itiDefinitions:
• Must exist

Intensional s bject cop la predicate form• Intensional subject, copula, predicate form
• Describe the concept, not the term

Describe only one concept• Describe only one concept
• Appropriate to subject field

Substitution principle• Substitution principle
• Avoid non-negative

Non circular• Non-circular
• …

9/22/2008 50



Goal 2: DesignationsGoal 2: Designations

Di t d d (i f t ti )• Direct word order (issues of synonym permutations)
• Accepted by subject specialists
• Designations vs “names” (!)• Designations vs. names  (!)
• Singular and plural usage
• Interchangeable synonyms• Interchangeable synonyms
• Distinguish quasi synonyms
• Established usageEstablished usage
• Consistency
• Count vs. non-count nouns
• Other term relationships
• …
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Goal 2: ImplementationGoal 2: Implementation

• Assemble check-list for each area
• Refine during subsequent phasesRefine during subsequent phases
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Goal 3: Semi-automated 
methodologies to validate and align 

definitions with correspondingdefinitions with corresponding 
formal relationship structuresp
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Goal 3: ExampleGoal 3: Example
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Goal 3: ExampleGoal 3: Example
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Goal 3: ExampleGoal 3: Example
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Goal 3: ExampleGoal 3: Example
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Goal 3 ImplementationGoal 3 - Implementation

Tooling is being put into place to 
automatically generate definitions and y g
paraphrase assertions
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Goal 3 PrototypeGoal 3 Prototype
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Goal 3 PrototypeGoal 3 Prototype
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Goal 4: Adopt a meta-model for the 
ontological resourcesontological resources
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Goal 4Goal 4

• Meta-model includes
– Top (Upper) Level Ontologyp ( pp ) gy
– OntoClean Methodology

Model for associations– Model for associations
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Goal 4
Motivations

• Quality – The alignment process asks the 
sort of questions necessary to clarify and q y y
document intent  (near term)

• Federation/Integration Alignment• Federation/Integration – Alignment 
should aid in integration/federation/re-use 
( )(longer term)

• Politics – Alignment is required to play inPolitics Alignment is required to play in 
some communities
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Goal 4 ImplementationGoal 4 Implementation

• Evaluated
– BFO
– Dolce

TopBio (Rector)– TopBio (Rector)
– UMLS Semantic Net

• Recommended UMLS Semantic Net
– If National Library of Medicine would updateIf National Library of Medicine would update
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Goal 4 ImplementationGoal 4 Implementation

• Ended up selecting BFO
– Second most useful
– More closely aligned with other biomedical 

resourcesresources
– BioTop (Shulz) is emerging as viable middle 

layerlayer
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Goal 5: Differentiate Thesaurus 
and Ontologyand Ontology
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Goal 5: Terminology
(as used in this presentation)

Th A t ll d b l dThesaurus – A controlled vocabulary arranged 
in a known order and structured so that the 
various relationships among terms arevarious relationships among terms are 
displayed clearly and identified by standardized 
relationship indicatorsrelationship indicators.

Controlled Vocabulary - A list of terms that have 
been enumerated explicitly This list is controlledbeen enumerated explicitly. This list is controlled 
by and is available from a controlled vocabulary 
registration authority. g y

Term - One or more words designating a concept.
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Goal 5: Terminology
(As used in this presentation)

O t l (1) C t S t th tOntology(1) - a Concept System that 
incorporates a declarative definition of a 
universe of discourse that models entities 
and the relationships that hold among 
them utilizing a formalized structure which 
incorporates standardized terminology. 

Concept System - system of concepts set 
of concepts structured according to theof concepts structured according to the 
relations among them
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Goal 5: Terminology
(As used in this presentation)

Ontology(2) - The study of the nature of 
being, reality, and substance. g, y,

Whil d i l d th l l fWhile modern usage includes the plural form, 
the core characteristics of this still hold in 
the biomedical domain.

An Ontology is supposed to be a model ofAn Ontology is supposed to be a model of 
reality.
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Goal 5: ThesauriGoal 5: Thesauri

• Represents terminology – the special 
language of a discipline, scientific field, g g p , ,
trade, etc.

• Purpose is indexing and information• Purpose is indexing and information 
retrieval

• Focus is on (a) language and (b) subject 
fieldfield

• Crosses multiple scientific disciplines
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Goal 5: Thesauri
(continued)

• Organizational structure is pragmatic
– Abnormal cells can be a different category than 

normal cells
– “Food and Food Product” can be a single category
– “Protein Organized By Function” makes perfect sense

• There can be many overlapping thesauri based 
on pragmatic issues
– Varying by content, detail, etc.

• Thesauri reference ontology
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Goal 5: OntologyGoal 5: Ontology

• Represents some aspect of “reality”
– Terminology, at best, serves a secondary rolegy, , y

• Purpose is to describe what is known.
F t l– Fractal

– Noisy – unacceptable from indexing and 
search perspective

• Tends to be partitioned by sub-specialtyTends to be partitioned by sub specialty 
and perspective (orthogonality)
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Goal 5: Thesauri / OntologyGoal 5: Thesauri / Ontology

• Both entities are necessary
– But they are different!y

• Thesauri and terminologies provide the 
human/machine/human interfacehuman/machine/human interface

• Ontology provides gy p
– A formal anchor (concept system++)
– Potential for reasoning– Potential for reasoning
– Potential for crossing fields and disciplines
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What a Thesaurus Won’t DoWhat a Thesaurus Won t Do

1. Provide an exhaustive perspective on a 
given scientific fieldg

• Too much depth or breadth just adds noise
• Multiple fields have to be touched• Multiple fields have to be touched

2. Represent pure “reality”
• Thesauri are descriptive, not revisionary
• Nodes / classifications / generics are allNodes / classifications / generics are all 

tools of a Thesaurus
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What Ontology won’t (or shouldn’t) 
do

P id f l (hi h i i d ll)• Provide a useful (high precision and recall) 
set of indices for a document corpus

• Navigational aids - “drug organized by 
function”, “see also”, etc., ,

• Provide translations, sense specific 
usages near synonyms etcusages, near synonyms, etc.

• Define the terminology of a domain or 
specialtspecialty

• Provide reference terms for nonsense
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One view of terminological 
resources

Lexicon Dictionary Thesaurus Ontology
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Goal 5Goal 5

• Three categories
– Things that belong in a general dictionaryg g g y
– Things that belong in a thesaurus 

• Reference things in a general dictionary• Reference things in a general dictionary
• Reference things in an ontology

Things that belong in an ontology– Things that belong in an ontology
• Definition is the common characteristic

– (which is the why of goals 1-4!)
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Goal 5 ImplementationGoal 5 Implementation

• NCIt Preliminary Categorization complete
• Partition underwayPartition underway 

– Thesaurus (Navigational and Category 
Nodes)Nodes)

– Ontology
– Words
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Implementation of Goal 5Implementation of Goal 5

• Rules of reference established
– Ontology nodes must stand alone – may not gy y

reference navigational or word
– Navigational nodes must be fully definedNavigational nodes must be fully defined
– Word references and tooling beginning to be 

deployeddeployed
• WordNet as first entry

P ibilit t it li W dN t h ti• Possibility to revitalize WordNet hosting

9/22/2008 79



Implementation of Goal 5Implementation of Goal 5

• BiomedGT 
– Multiple namespacesp p

• Ontology
• Navigational and Category namespacesNavigational and Category namespaces
• Words

Model of external reference being produced– Model of external reference being produced
• Proving to be quite valuable

– Need to do reproducibility studies
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Goal 6: Subdivide thesaurus by 
subject field / disciplinesubject field / discipline
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Goal 6Goal 6

A thesaurus represents the terminology –
the special language - of a discipline, p g g p ,
scientific field, trade, etc.

• Goals are to match the level of precision• Goals are to match the level of precision 
and detail required by the specific user 
community

• Well understood and unambiguous withinWell understood and unambiguous within 
the discipline
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Goal 6Goal 6

• It is the thesaurus for a discipline that 
provides the sort of granularity (and p g y (
terminology) that allows subsetting on 
ontological resourcesontological resources

• One big thesaurus risks becoming 
“ f“nothing more than a big list of all the 
kinds of things that do or could exists…”g
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Goal 6Goal 6

Keys to accomplishment:
• Context (goal 1) – what was the purposeContext (goal 1) what was the purpose 

and community from which the term first 
originatedoriginated

• Some sort of taxonomy or other 
terminological resource of communities
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Goal 6Goal 6

Suggested approach – classic opportunity to 
use the “ground up” approach and try a g p pp y
self-organizing structure such as a 
Wiki???Wiki???
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Goal 7: Organize the ontologyGoal 7: Organize the ontology 
horizontally by subject field and y y j

vertically by ontological “meta type”
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Goal 7Goal 7

Ulti t l i “ th l t t ”• Ultimate goal is “orthogonal structure”
• Short term goal is the ability to reference g y

chunks of external ontology
– OBO resourcesOBO resources
– FMA
–– …

• Thesis: Thesaurus development can be 
localized and regional ontologylocalized and regional, ontology 
development needs to align
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Goal 7Goal 7

H i t l• Horizontal
– Anatomy
– Chemistry
– Cell processp
– Physics
– …

• Vertical
E d t / d t– Endurants / perdurants

– (Other structures imposed by TLO and? MLO)
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Goal 8: Adopt faceted /Goal 8: Adopt faceted / 
dimensional classifications 

schemes
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MotivationMotivation

Th l ti l ll b fThere are a relatively small number of 
independent structures in an ontology (or 
thesaurus?)  (e.g. LOINC Structure)

For each structure, there can be many, , y,
many ‘instances’ of the structure  (e.g. 
LOINC Tests)O C ests)

It takes a whole different type of person to 
build the structures than the instancesbuild the structures than the instances

Instances can be federated
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Goal 8Goal 8
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OutlineOutline

• Purpose of this Presentation
• Brief introduction to the NCI ThesaurusBrief introduction to the NCI Thesaurus
• Ceusters’ critique of the Thesaurus
• Evaluation, Recommendations and New 

Approachpp oac
• Lessons Learned
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Lessons LearnedLessons Learned

Ontology should be
– Reality based - classes not concepts– Reality based - classes not concepts
– Designed for integration

• Note that most ontology today doesn’t 
come as OWL or CL See 
http://www.cas.org

– Centralized – “ontologies” is a result ofCentralized ontologies is a result of 
perspective – not reality.
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Lessons LearnedLessons Learned

Ontology can be referenced by a 
variety of resourcesvariety of resources
– Thesauri
– Categorization system

Knowledge bases– Knowledge bases
– Information models
– …
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Lessons LearnedLessons Learned

The value (and cost) of terminological resources is 
the SME

• Tooling should be designed to capture as much SME expertise as 
possible

• Preserve referencesPreserve references
– Books
– Web resources
– Journal articles
– Defintions

• Use formalism to encourage detailUse formalism to encourage detail
– Structured definitions
– Paraphrases

U t it k l d
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– Uncover tacit knowledge
– Encoding for computation should be postponed



Lessons LearnedLessons Learned

• History and provenance is a central part of 
any terminological resourcey g
– What was the SME / author / coder trying to 

say?say? 
– Did they think of …?

Wh i thi thi ?– Why is this this way?
– What were their plans
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Lessons LearnedLessons Learned

Ontological and terminological knowledge is 
a community efforty
– Design for community input from the bottom 

upup
– Recognize different formats

E bl fli ti i f ti– Enable conflicting information
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Lessons LearnedLessons Learned

Registries and shared metamodels are 
crucial
– There are going to be many, many sources of 

ontological informationontological information
– There will be many models

They will vary in amount of formalism• They will vary in amount of formalism
• They will vary in kind of formalism
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