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Introduction

Few funded research projects in
computer science go on for dec-
ades. It's even questionable
whether any project should be
sustained that long. Neverthe-
less, the Protégé project at Stan-
ford University began in the
1980s and is still going strong,
helping developers to construct
reusable ontologies and to build
knowledge-based systems. The
recognition of our work at the In-
ternational Semantic Web Con-
ference in October 2014 with the
“Ten Years” Award was a great
honor. The award has provided
an opportunity for reflec-
tion—both on the Protégé project
itself and on the need for compu-
tational infrastructure in the Al
community.

Protégé has become the most

widely used software for building 4 +0 Thesaurus.

and maintaining ontologies. Itis gGene.

Figure 1. The Protégé 5 Desktop System. The figure shows the most re-
cent version of the Protégé system used to edit the National Cancer Insti-
In the Figure, the user has selected the class Antigen
The visualization displays the relationships among the selected

by no means the only solution, class and other classes in its neighborhood.

and there are known problems

with Protégé, but we appreciate that the system
is extremely popular. Although his study is now
a bit dated, Cardoso (2007) surveyed the Se-
mantic Web community and found that two-thirds
of his respondents used Protégé. To date, more
than 250,000 people have registered to use the
software. Many Fortune 500 companies use
Protégé to build their ontologies. Important gov-
ernment projects, such as the development of
the National Cancer Institute Thesaurus (Noy et
al., 2008; Figure 1) and the World Health Or-
ganization’s International Classification of Dis-
eases (ICD-11; Tudorache et al., 2010) depend
on the software.

Protégé currently exists in a variety of frame-
works. A desktop system (Protégé 5) supports
many advanced features to enable the construc-

tion and management of OWL ontologies (see
Figure 1). A Web-based system (WebProtégé)
offers distributed access over the Internet using
any Web browser and, by design, is much sim-
pler to use for many ontology-engineering tasks
(Figure 2). The Web-based version has become
extremely popular, and it recently exceeded the
desktop-client in its degree of usage. It is ex-
tremely handy to be able to point a Web browser
to an appropriate server and to begin editing.
Like a Google doc, a WebProtégé ontology can
be easily shared with a distributed group of users
who can engage in collaborative authoring activi-
ties from wherever they happen to be logged in.
The development environment used by the
World Health Organization to manage ICD-11 is
based on WebProtégé (Tudorache et al., 2010).
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Figure 2. WebProtégé. The Web-based version of Protégé offers users
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that could accommodate nearly
the complete OWL specification.
Protégé’s support for OWL has
been enhanced over the years,
particularly through a very suc-
cessful collaboration with Alan
Rector’s CO-ODE project at the
University of Manchester, and
recent versions of Protégé fully
support the latest OWL 2.0
specification.

When people think of Protégé,
they think of an editor for ontolo-
gies, and they think of OWL.
Protégé did not start out this
way, however. Gennari et al.
(2003) traced the history of the
first 15 years of the Protégé pro-
ject, documenting the many

and their collaborators the opportunity to share and edit ontologies online,
much like a Google doc. Here we see the Ontology for Parasite Lifecycle
(OPL), an ontology developed by a community of scientists who investi-
gate malaria, toxoplasmosis, and other diseases caused by eukaryotic
pathogens (Parikh et al., 2012). In the left-hand pane, the user has se-

shifts in perspective as Protégé
progressed from a student pro-
ject for a Ph.D. dissertation that
focused on problems of building
knowledge-based systems

lected the class blood. The middle pane shows the properties of the se- (Musen, 1989) to a major open-

lected class. The right-most pane reveals an audit trail and a threaded

discussion regarding the modeling of this entity.

Older versions of the Protégé desktop system
have included support for editing ontologies rep-
resented in a frame language (namely, in the
OKBC framework developed by the DARPA
Knowledge Sharing Initiative in the 1990s;
Neches et al.,, 1991). Comparable functionality
has not yet been migrated to current versions of
Protégé, however. All versions of Protégé may
be downloaded from the project's Web site

(http://protege.stanford.edu). They are available
under an open-source license.

The paper for which the Protégé team won the
“Ten Years” Award (Knublauch et al., 2004) de-
scribes the first Protégé system to support the
World Wide Web Consortium’s recommended
Web Ontology Language (OWL). We had been
tracking the emerging OWL specification, and
Holger Knublauch, then a post-doctoral fellow in
our laboratory, worked with the rest of the team
to extend Protégé to create what was, at the
time, the only ontology-development platform

source platform supported by a
huge community of diverse users
(Musen, 2005).

Adventures in Meta-Land: The Early
Years

The Protégé project began at a time before there
was an appreciation for the importance of on-
tologies in providing structure for electronic
knowledge bases and long before the rise of on-
tologies in e-commerce and in information sys-
tems generally. The Protégé project was born
out of basic research in the intelligent systems
community to develop better methods for con-
structing new knowledge bases.

In the 1980s, researchers at Stanford had had
considerable success using a domain-specific
knowledge-acquisition tool, known as OPAL
(Musen et al., 1987), to build the complex knowl-
edge bases required by a cancer-chemotherapy
advisor known as ONCOCIN (Tu et al., 1989).
ONCOCIN would take as its input (1) data at a
particular point in time about a patient who had
cancer and (2) knowledge of the relevant chemo-
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Figure 3. The OPAL system for entry of cancer-
chemotherapy knowledge. In the figure, the user is
accessing a domain-specific form to indicate what
domain action to take if, when administering a che-
motherapy combination known as “VAM,” the patient’s
serum bilirubin is measured to be greater than 2.0
mg/dl. OPAL had dozens of such forms, as well as a
flowcharting facility used to specify the sequences of
chemotherapies and drugs to administer when treat-
ing a particular kind of cancer.

therapy protocol according to which the patient
was being treated. The program would generate
as output recommendations for laboratory tests
to order, drugs to administer, and plans for
follow-up care. Encoding such knowledge for
ONCOCIN had been an arduous task. With
OPAL, it was clear that oncology specialists
could use their computers to fill in the blanks of
oncology-related forms and to draw chemother-
apy flow charts using domain-specific icons
much more easily than they could edit the corre-
sponding knowledge bases directly (Figure 3).
OPAL thus became an enormously successful
tool for building and maintaining cancer-
chemotherapy knowledge bases. The problem
was that OPAL was something of a hack, as it
was impossible to alter the cancer-chemotherapy
domain model that supported the user interface
without reprogramming the system. If there was
a need to build knowledge bases in domains
other than cancer chemotherapy, then OPAL was
not going to be helpful.

The original Protégé
system (now bearing the
retronym “Protégé-17)
ran on Xerox Lisp ma-
chines. The system was
designed to allow devel-
opers to create and edit
the domain models in
knowledge-acquisition
systems like OPAL
(Musen, 1989). A de-
veloper could craft a
new domain model us-
ing Protégé-1, and the
system would then gen-
erate a domain-specific
knowledge-acquisition
tool based on that par-
ticular model. Protégé-1
addressed the major
assumption built into
OPAL: the singular do-
main model of cancer
chemotherapy. Protégé-
1 still assumed that the
run-time system that
would interpret the resul-
tant knowledge bases
would use a particular
problem-solving method
(skeletal-plan refine-
ment; Friedland and
Iwasaki, 1985), which
was good for planning
cancer therapy, but not a
helpful problem solver
for tasks such as diag-
nosis. If there was a
need to build intelligent
systems that could rea-
son using alternative
problem-solving ap-
proaches, then Protégé-
1 was not going to be
helpful.

Protégé-Il, which ap-
peared in the early
1990s, allowed develop-
ers to select alternative
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Figure 4. A Protége-1
form for entry of classes
of task-level actions.
Here, the user is enter-
ing into a domain-
independent form the
kinds of actions that a
planner should take in
the setting of different
situations involving the
input data provided to
the runtime system. The
actions correspond to
the entries in the menu
displayed by the OPAL
program in Figure 3.
Protégé-1 had dozens of
such forms with which a
user could specify the
domain model for a cus-
tomizable knowledge-
acquisition tool that had
much of the functionality
of OPAL.
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1995). In Protégé-1, developers
had been forced to fashion new
domain models so that the se-
mantics of the entities in those
models were determined by the
role that the entities would play

in the process of skeletal-plan w

refinement (Figure 4). Specifi-

cally, Protégé-1 had built into it a

set of terms and relationships

that captured the types of knowl-

edge that our implementation of
skeletal-plan refinement required
(viz., a hierarchy of skeletal
plans that might be instantiated
during the planning process, in-

Figure 5. The Protégé-Il ontology editor.
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take). Developers were expected

to describe domain knowledge (e.g., the notion
of chemotherapy) by relating it to one of these
terms (e.g., a skeletal plan).

In Protégé-Il, the dependency between the entry
of domain knowledge and the built-in model of
skeletal-plan refinement was eliminated. Devel-
opers suddenly were free to define domain enti-
ties independently of any given problem solver.
The use of ontologies seemed to be the obvious
way to create such domain models. The free-
dom to address the construction of problem-
solving systems and the elucidation of domain
models as two separate engineering activities
meant that the developers using Protégé-Il were
now operating at a higher plane of abstraction
than had been the case with Protégé-1, where
modeling was more constrained. Protégé-1, of
course, was at a higher plane of abstraction than
had been the case with the domain-bound OPAL
system.

Protégé-ll was seen as an integrated develop-
ment environment (IDE) for the construction of
intelligent systems. It provided an editor, which

developers would use to create domain ontolo-
gies that Protégé-Il would employ to construct an
ontology-specific knowledge-acquisition tool that
was suitable for the specific class of domain
problems described by the ontology (much in the
spirit of OPAL), which could elicit the domain
knowledge needed to construct an operational
knowledge base for particular problems within
that class (much in the spirit of an ONCOCIN
knowledge base for a particular kind of cancer;
Figure 5). Thus, Protégé-Il would take any des-
ignated domain ontology, and generate semi-
automatically an OPAL-like knowledge acquisi-
tion tool for entry of the necessary content
knowledge needed to instantiate the classes in
the ontology for purposes of building an intelli-
gent system (Eriksson et al., 1994). Separately,
the developer would fashion a problem solver
from a library of components, or else would build
a new problem solver from scratch. The devel-
oper then would map an explicit representation
of the input—output requirements of the com-
pleted problem solver to their corresponding
classes in the domain ontology—indicating, for
example, that administration of chemotherapy
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was a plan, that administration of a drug within a
chemotherapy was a plan, that the result of a
particular laboratory test should be treated as
input data, and so on (Crubézy and Musen,
2004).

We used Protégé-Il in several projects in our
laboratory to build a large number of knowledge
bases for intelligent systems (e.g., Musen et al.,
1996; Stein et al., 1996). By the end of the
1990s, however, the ontology-editing component
of the overall Protégé-Il system had begun to
take on a life of its own.

The Protégé Ontology Editor—and the
New Protégé Community

Twenty years ago, most people in Al felt a bit
pretentious using the word ontology in everyday
conversation. The world has changed consid-
erably since that time, however. We now recog-
nize ontologies as essential elements of much of
Al technology, and we take for granted all the
conferences and books and journals that have
emerged on the subject (Guarino and Musen,
2015). Whereas at Stanford, the Protégé team
continued to build ontologies mainly to structure
the frame-based knowledge bases that we were
developing in our group, other developers were
creating ontologies for a wide range of applica-
tions. The idea of the Semantic Web was taking
root, and ontologies were being seen as essen-
tial for e-commerce and e-science.

Protégé-Il, which had been developed under the
NeXTSTEP platform, was replaced—just in time
—by a version of the system that ran under Win-
dows (Protégé/Win). Within a couple of years,
Java became entrenched in the software engi-
neering community, and a new Java-based ver-
sion of the system, Protégé-2000 (Noy et al.,
2001), freed us from reliance on a particular
hardware platform while enabling us to create a
very flexible plug-in architecture. With the Java-
based version of Protégé, we were able to pro-
vide support for the development of ontologies in
RDF(S) and, soon thereafter, OWL (Knublauch
et al,, 2004). With subsequent major design
changes, Protégé-2000 became simply Protégé
3, followed by Protégé 4, and now Protégé 5
(see Figure 1).
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Meanwhile, with interest in ontologies burgeon-
ing throughout Al circles and beyond, the Pro-
tégé community grew exponentially. The soft-
ware—which we were viewing mainly as infra-
structure to enable Stanford-based research in
intelligent systems—was reaching the stage of
becoming a “product.” In 1996, three colleagues
and | had some beers while attending a confer-
ence in Europe, and we jokingly referred to our
gathering as “The First Protégé Users Group
Meeting.” Soon, however, the rapidly growing
community of Protégé users around the word
demanded a real Protégé event. We held a Pro-
tégé workshop at Stanford in 1998 for about 50
people. In 2000, some 100 people participated
in a Protégé workshop at the University of Man-
chester. More than 200 people showed up at a
similar gathering at the United States National
Institutes of Health in 2002. These Protégé con-
ferences were exciting meetings for the entire
team: We received extremely valuable feedback
on our software, we got to meet the people who
regularly corresponded with us on the Protégé-
related mailing lists that we had created, and we
learned about remarkable applications that
members of the community were creating with
our technology.

The perception of Protégé was changing radi-
cally. The software was no longer viewed mainly
as a tool for building knowledge-based systems,
but rather as one for building ontologies. The
concomitant growth of the Protégé community
and the abrupt appearance of scores of Protégé
plug-ins that were being contributed by users
outside of Stanford proceeded to change the na-
ture of our research activity in a major way. Any
alteration of our code base suddenly could affect
the work of thousands of other people—and
thousands of other people now had their own
ideas of where they thought our work should be
heading. Overall, the project benefitted tremen-
dously from the expanding user base, and the
influx of new ideas and new plug-ins was down-
right exciting. It's unusual in academia to feel
such a strong connection with the kind of broad
community that our work had attracted, and our
research group developed a very close, symbi-
otic relationship with our users.
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Although commercial ontology editors with sup-
port for OWL began to appear in the marketplace
at the end of the last decade, there has been no
decline in enthusiasm for Protégé and its plug-
ins. As an academic group, we do not see our-
selves in competition with the commercial sector,
and “market share” is an irrelevant concept to us
and our funders. What is clear, however, is that
our users very much value (1) access to Protégé
under an open-source license, (2) our team’s
commitment to the full implementation of World
Wide Web Consortium recommendations, (3) the
vast library of Protégé plug-ins that users have
developed, and (4) the supportive nature of the
extensive Protégé community, whose members,
through online media, help one another to trou-
bleshoot specific problems either in using the
software or in modeling particular entities. We
did not specifically create the Protégé commu-
nity. Social engineering was never a “deliver-
able” of any of our federal grants. Nevertheless,
the user community that has gravitated toward
Protégé is as much a part of the experience of
using our tools as is any piece of software. The
Protégé project depends critically on the thou-
sands of users who have gathered online to
learn from one another and to help us to make
Protégé a better system.

What is our Core Mission Anyway?

For the past 30 years, the Protégé project has
been funded by several federal agencies to ex-
plore and evaluate new ways to build intelligent
systems and ontologies. Our most consistent
funding has come from the United States Na-
tional Institutes of Health (particularly the Na-
tional Library of Medicine and the National Insti-
tute for General Medical Sciences). Much of our
early Protégé-related funding supported re-
search to develop the infrastructure needed for
our “real” goals: the engineering and evaluation
of clinical decision-support systems. Protégé at
the beginning was viewed merely as a means to
an end. More recent grants, however, have sup-
ported our original research to study collabora-
tive ontology development (Tudorache et al.,
2011; Strohmaier et al., 2013), methods for on-
tology alignment (Noy and Musen, 20083;
Ghazvinian et al., 2009), ontology evaluation
through crowdsourcing (Mortensen et al., 2014),
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ontology visualization (Storey et al., 2001), and
methods for the very early stages of ontology
conceptualization (Zhang et al., 2015). These
academic pursuits are what make our laboratory
an exciting place for students and post-docs, and
they are what keep the research funding flowing.
The new knowledge and techniques that we un-
cover in our scholarly work contribute new ideas
to Al and offer new ways to enhance the tech-
nology that comes out of our laboratory.

But there is something of a mismatch. Although
our laboratory has received considerable aca-
demic recognition for our scholarly accomplish-
ments, this is presumably not why we won the
2014 “Ten Years” Award from the Semantic Web
Science Association. The “Ten Years” Award ac-
knowledged the very pragmatic benefits of our
work—of creating the first widely used ontology
editor for OWL and of building an infrastructure
that has been used by more than one quarter of
a million people. One of the greatest successes
of Protégé is measured in terms of the vast
community of users who have benefitted from
the technology in a hands-on fashion. And it is
this relationship with our user community that
makes Protégé more than just another academic
project.

It is easy to argue that academic groups really
have no business creating software systems of
this magnitude. Academic groups lack middle
managers who can perform code reviews and
who can coordinate software-engineering activi-
ties. Such groups lack dedicated user-support
personnel and documentation specialists. They
also have to survive on external funding, living
from one grant or contract to the next. Although
the Protégé project generally has been success-
ful in obtaining sponsored research support for
its work, there have been some very tense mo-
ments during the past 30 years. At one point re-
cently, the project was caught between grants for
several months; our future funding had become
uncertain due to a reorganization within the Na-
tional Institutes of Health. Protégé thus became
a “poster child” for the general problem of at-
tempting to support long-term research infra-
structure using short-term, highly uncertain fund-
ing mechanisms (Baker, 2012). Although the
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National Institutes of Health has been extremely
generous to our project, there still are no reliable
mechanisms in place to ensure the continuity of
research projects such as ours that are deliver-
ing infrastructure to a wide community of users in
addition to pursuing their own research and de-
velopment agendas. Our experience makes it
obvious that federal funding agencies need bet-
ter mechanisms for sustaining such projects in a
more durable, more coherent manner. Indeed, if
the Protégé project does deserve an award, per-
haps it is for ensuring its own survival on nothing
but “soft money” for the past three decades.

As an academic project, we have been able to
learn a great deal from our colleagues around
the world. Early work on the KADS project in
Europe (Schreiber et al., 2000) had tremendous
influence on the Protégé approach to building
intelligent systems during the early years. On-
tology editors developed by other groups, such
as OilEd (Bechhofer et al., 2001), were inspira-
tional to us. Our collaboration with Alan Rector’s
group at the University of Manchester helped to
ensure that Protégé supported OWL in its com-
plete scope and that the community had excel-
lent documentation for handling OWL within the
Protégé framework (Horridge, 2011). At the
same time, we began to see many of our ideas
picked up in the commercial sector, as compa-
nies such as TopQuadrant released their own
tools for managing OWL ontologies. As an aca-
demic group, we view these commercial tools
not so much as “competition” but as confirmation
of our work and of many of our design decisions.

The Protégé project has settled down into a de-
lightful ambiguity, where our research grants
support our investigation of new methods of on-
tology engineering and ontology management,
while at the same time allowing us to support the
thousands of users who rely on our software on
a regular basis. Our core mission is therefore a
bit blurred, but we believe that we have struck a
useful balance, and the feedback that we receive
from our users helps us to target our research in
beneficial ways, which leads to the kinds of new
features in Protégé that simply are not available
through current commercial products. Our pro-
ject is in fact quite fortunate to have both a
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scholarly component and a built-in technology-
transfer activity.

Conclusions

Despite the importance of tools such as Protégé
to the Al community, it is unusual for academic
groups to derive professional recognition for the
development of computational infrastructure.
Infrastructure generally is taken for granted, and
it almost never leads to the kind of high-impact
publications that in scholarly circles are nearly
always the coin of the realm. Nevertheless,
groups in academia often are in the best position
to undertake the development of tools such as
Protégé, particularly when the requirements are
complex, and when the academics themselves
are going to be the first natural users of such
software.

We believe that the Protégé project has been
successful despite the vagaries of research fund-
ing in the United States. Overall, all govern-
ments need to put more emphasis on the sup-
port of computational infrastructure for Al and to
ensure the durability of their investments in this
kind of work.

The Protégé project would never have been as
successful as it has been without the support of
our tremendous user community. Working with
this vocal and enthusiastic group of users has
been a wonderful experience for the entire Pro-
tégé team. It has served as a constant reminder
to us that ontologies are no longer arcane lab-
oratory artifacts and that they form the founda-
tion for some of the most interesting work in
computer science that is now taking place.
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