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A brief history of Protégé

• 1987 PROTÉGÉ runs on LISP machines
• 1992 PROTÉGÉ-II runs under NeXTStep
• 1995 Protégé/Win runs under … guess!
• 2000 Protégé-2000 runs under Java
• 2005 Protégé 3.0 emerges with

– A new UI
– Solid support for OWL
– A burgeoning user community



PROTÉGÉ (ca. 1987)
• Offered a built-in ontology of the 

skeletal-plan refinement problem-
solving method

• Required users to subclass this 
ontology to define domain-
specific referents

• Made major assumptions:
– A single problem-solving method
– Domain ontologies that were proper 

subclasses of the method ontology
– A limited set of data types and 

corresponding UI conventions for KA



Total Protege Registrations
Through 10/13/04

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

10000
11000
12000
13000
14000
15000
16000
17000
18000
19000
20000
21000
22000

Ja
n 

'0
1

Ap
r '

01

Ju
l '0

1

O
ct

 '0
1

Ja
n 

'0
2

Ap
r '

02

Ju
l '0

2

O
ct

 '0
2

Ja
n 

'0
3

Ap
r '

03

Ju
l '0

3

O
ct

 '0
3

Ja
n 

'0
4

Ap
r '

04

Ju
l '0

4

O
ct

 '0
4

Month/Year

R
eg

is
tr

at
io

ns



From Cottage Industry to the 
Industrial Age:

New Infrastructure for Ontology Authoring 
and Dissemination

Mark A. Musen
Stanford University

Musen@Stanford.EDU



Major technologies have radically 
changed our culture

• Agriculture
• The printing press
• The Industrial Revolution
• The World Wide Web
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access to knowledge?







The locus of knowledge publication 
determines knowledge “ownership”

• When textual information could be 
reproduced only by hand, knowledge 
effectively was owned by institutions such as 
the Church

• When textual information could be printed, 
knowledge was owned by those with printing 
presses and a means of distribution

• When textual information could be posted to 
the Web, knowledge began to become 
democratized



Knowledge workers seem 
trapped in a pre-industrial age

• Most ontologies are of relatively small scale
• Most ontologies are built and refined by small 

groups working arduously in isolation
• Success rests heavily on the particular talents 

of individual artisans, rather than on standard 
operating procedures 

• There are few technologies on the horizon to 
make this process “faster, better, cheaper”



A Portion of the OBO Library





Throughout this cottage 
industry

• Lots of ontology development, principally by 
content experts with little training in 
conceptual modeling

• Use of development tools and ontology-
definition languages that may be
– Extremely limited in their expressiveness
– Useless for detecting potential errors and guiding 

correction
– Nonadherent to recognized standards
– Proprietary and expensive





Our community needs

• Technologies
– To help build and extend ontologies
– To locate ontologies and to relate them to one 

another
– To visualize relationships and to aid 

understanding
– To facilitate evaluation and annotation of 

ontologies
• Processes

– To aid in ontology management and evolution
– To enable end users to incorporate ontologies in 

their professional activities





Some people think that we are 
already there …
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Ontologies need to support 
multiple end-user goals

• Summarization and annotation of data
• Integration of data from multiple sources
• Support for natural-language processing
• Mediation among different software 

components
• Formal specification of professional 

knowledge



The paradox of ontology 
development

• Ontologies became popularized in domains 
such as biomedicine in part because tools 
such as DAG-Edit made development 
extremely manageable

• Developers of editing tools and languages 
have rushed to make their approaches 
accommodate more expressivity and to offer 
more power—and to comply with industry 
standards

• The result is the “Microsoft Word” problem



The NCI Thesaurus in OWL



We need steam engines for 
ontology development

• DAGs are too simple for developers to define 
specific concepts in machine-processable
terms

• OWL is much too complex for most 
developers to use correctly

• There are no scalable tools that address the 
early, conceptual modeling stage

• How can we maximize expressivity while 
helping developers to manage complexity?
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another
– To visualize relationships and to aid 

understanding
– To facilitate evaluation and annotation of 

ontologies
• Processes

– To aid in ontology management and evolution
– To enable end users to incorporate ontologies in 

their professional activities



We need to relate ontologies
to one another

• We keep reinventing the wheel  
(e.g., how many different anatomy ontologies
do we need?)

• We don’t even know what’s out there!
• We need to be able to make comparisons 

between ontologies automatically
• We need to keep track of ontology history and 

to compare versions



We need to compute both 
similarities and differences

• Similarities
– Merging ontologies
– Mapping ontologies

• Differences
– Versioning



Different tasks lead to different 
tools

C=Merge(A, B)

A B

iPROMPT, Chimaera

Map(A, B)

A B

Anchor-PROMPT, GLUE
FCA-Merge

A B

Articulation ontology

ONION



Industrialization requires

• Common platforms for locating, comparing, 
and integrating ontologies

• Environments for ontology engineering that 
are as comprehensive and robust as our 
environments for software engineering

• Technologies that can work with ontologies
distributed anywhere in cyberspace



Ontology development is already a global activity!
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Ontology engineering requires 
management of complexity

• How can we keep track of hundreds, or 
even thousands, of relationships?

• How can we understand the 
implications of changes to a large 
ontology?

• How can we know where ontologies are 
underspecified?  And where they are 
over constrained?



AT&T’s GraphViz system



 



It’s a bad sign that there are 
so many alternatives

• How do we know which visualization system 
is the “right” one for our situation?

• Why is there no visualization system that is 
uniformly loved and appreciated?

• Why can’t we apply the same energy to the 
problem of ontology visualization that we 
apply to that of visualizing huge data sets?
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Ontologies are not like 
journal articles

• It is difficult to judge methodological 
soundness simply by inspection

• We may wish to use an ontology even though 
some portions 
– Are not well designed
– Make distinctions that are different from those that 

we might want



Ontologies are not like 
journal articles II

• The utility of ontologies
– Depends on the task
– May be highly subjective

• The expertise and biases of reviewers may vary 
widely with respect to different portions of an 
ontology

• Users should want the opinions of more than 2–3 
hand-selected reviewers

• Peer review needs to scale to the entire user 
community





Solution Snapshot



In an “open” rating system:

• Anyone can annotate an ontology to say 
anything that one would like

• Users can “rate the raters” to express 
preferences for those reviewers whom 
they trust

• A “web of trust” may allow users to 
create transitive trust relationships to 
filter unwanted reviews



Qualitative Review Criteria

• What is the level of user support?  
• What documentation is available?
• What is the granularity of the ontology content 

in specific areas?
• How well does the ontology cover a particular 

domain?
• In what applications has the ontology been 

used successfully?  Where has it failed?



Ontologies need standard 
meta-data

• For provenance 
information

• For indexing
• For alignment with 

other ontologies
• For peer review



Search for Ontologies

Browse
Ontologies

Survey

Navigate Knowledge Zone

Knowledge Zone Search & Browse interface.



Please fill this survey:

• To improve Knowledge 
Zone

• To improve the 
representation of trust in 
Knowledge Zone

• To help gather data for a 
new extended topic 
specific modeling of trust 
in open rating systems

Knowledge Zone Survey Page.



Info-Button
provides

context-sensitive 
help

Metadata 
gathered

Knowledge Zone Submit Interface.



User Review

User Ratings of
Reviews Knowledge Zone Presentation of Seclected Ontology With Reviews.

Metadata 
associated with 

the Ontology



Search for Ontologies

Browse
Ontologies

Survey

Navigate Knowledge Zone

Knowledge Zone Search & Browse interface.



Bringing ontologies to the 
industrial age will require:

• Environments that support community-
based peer review

• Standard meta-data for storing reviews 
and annotations

• Environments for both ontology 
engineering and ontology access that 
can take advantage of these meta-data



Our community needs

• Technologies
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– To locate ontologies and to relate them to one 

another
– To visualize relationships and to aid 

understanding
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• Processes

– To aid in ontology management and evolution
– To enable end users to incorporate ontologies in 

their professional activities



We have growing experience with 
large-scale ontology engineering

• CYC
• Open Directory Project
• Gene Ontology Consortium
• NCI Thesaurus
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Evaluation of development 
processes remains a problem

• What are appropriate outcome metrics 
for judging success?

• How do we distinguish the contribution 
of the process from that of particular 
tools?

• How do we distinguish the contribution 
of the process from that of individual 
participants?



Our community needs

• Technologies
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– To locate ontologies and to relate them to one 

another
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their professional activities



A Portion of the OBO Library



Toward industrial-strength 
ontology repositories



The Industrial Revolution: The 
Good News

• Standardized, interchangeable parts
• Technologies for creating new 

technologies
• Tremendous increase in output
• Unparalleled incentives for innovation



The Industrial Revolution:
The Bad News

• Decreased importance of skill and judgment 
of individual artisans

• Increased abilities of managers to define and 
control activities of laborers

• Loss of skills and judgment to deal with 
failures in processes that have been 
automated

• More mundane work





Moving from cottage industry 
to the industrial age

• There must be widely available tools that are
– open-source
– easy to use
– adhere to standards

• There must be a large community of workers 
who 
– use the tools  
– can provide feedback to one another and to the 

tool builders



Moving from cottage industry 
to the industrial age  II

• Government and professional societies must 
set expectations regarding the need for 
appropriate standards

• Government and professional societies must 
invest in educational programs targeted for 
– Ontology developers 
– Ontology consumers

• Demonstration projects must document the 
strengths and weaknesses of tools, 
processes, and languages



A thousand flowers are blooming!

• Ontologies are being developed by interested 
groups from every sector of academia, 
industry, and government

• Many of these ontologies have been proven 
to be extraordinarily useful to wide 
communities

• We finally have tools and representation 
languages that can enable us to create 
durable and maintainable ontologies with rich 
semantic content



The foundation is in place

• Scientific culture now recognizes the 
importance of ontologies

• We are beginning to articulate best practices 
for ontology construction

• We have a burgeoning cottage industry at 
work



We need to move beyond individual, 
one-off ontologies and one-off tools to:

• Integrated ontology libraries in cyberspace
• Meta-data standards for ontology annotation
• Comprehensive methods for ontology indexing and 

retrieval
• Easy-to-use portals for ontology access, annotation, 

and peer review
• End-user platforms for putting ontologies to use for

– Data annotation
– Decision support
– Natural-language processing
– Information retrieval
– And applications that we have not yet thought of!




