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ABSTRACT

Current tools, techniques and methodologies for multi-
user editing of semantic web ontologies are inadequate.
The vast majority of ontologies are maintained by single
individuals. However, single user access is increasingly
becoming a bottleneck as these ontologies grow in size.
We therefore suggest a technique and for locking seg-
ments of description logic ontologies for multi-user edit-
ing. This technique fits into a methodology for ontology
editing in which multiple ontology engineers concur-
rently lock, extract, modify, error-check and re-merge
individual segments of a large ontology. The technique
aims to provide a pragmatic compromise between a very
restrictive approach that might offer complete error pro-
tection but make useful multi-user interactions impos-
sible and a wide-open anything-goes editing paradigm
which offers little to no protection.

1. INTRODUCTION

Ontologies are the basis of the semantic web. They
are the semantic knowledge bases that are fundamen-
tal to enabling global interoperability. Providing sup-
port for the creation of high quality ontologies is there-
fore essential for realizing the vision of the semantic
web. However, ontology engineering has been a more
or less solitary experience. To our knowledge only a
very small amount of research currently exists on the
topic of multi-user ontology authoring [3] [4]. Such work
is essential for the future, since multiple ontology engi-
neers working together as a team can create larger, more
complex ontologies, than any single individual working
alone. Such large knowledge bases are necessary to drive
semantically-aware web applications & services, intelli-
gent business applications and scientific terminologies.
We therefore propose a methodology for enabling multi-
user ontology editing of a shared ontology.
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In the proposed workflow multiple ontology engineers
collaboratively edit the same ontology. They do this
by placing locks on separate sections of the shared on-
tology. They then edit these sections independently
and asynchronously, merging their changes back into
the complete ontology when they are done. Different
lock types are used depending on engineers’ editing in-
tent. Stronger locks result in more restrictions for other
people also working on the ontology.

The key issue for creating a useful methodology is to
strike a balance between granting an ontology engineer
enough control of the ontology to perform his or her
desired editing operations, without locking so much of
the shared ontology that other engineers are locked out
of sections they want to work on, while also minimizing
the number of errors in the concurrent editing environ-
ment, as far as possible.

1.1 Aim: mitigation of errors

Ghilardi et al. introduce the notion of a conservative
extension [7]. A conservative extension is an extension
to an existing ontology that does not entail any addi-
tional subsumption relations in the base ontology.

Unsatisfiability and subsumption are closely related. Un-
satisfiability can be reduced to subsumption and vice
versa [13]. Since one common type of error in an on-
tology is due to an unsatisfiable (inconsistent) concept,
locking and editing conservative extensions of shared
ontologies would guarantee consistency (and prevent
subsumption).

However, our approach does not aim to ensure that all
extensions are conservative. That is: changes intro-
duced by concurrent users of our locking methodology,
may well entail additional subsumption relations (and
thereby also potentially cause unsatisfiable classes) for
other users of the system. Indeed, we argue that this
is a desirable feature, since complete protection would
in many cases require extensive locks. Moreover, com-
plete protection would prevent unintended subsumption
from taking place (see section 6.4). Indeed, a system
of complete protection would be so restrictive that it
would defeat the very objective of multi-user ontology



authoring: allowing multiple users to collaboratively
construct knowledge structures and serendipitously dis-
cover implicit knowledge that results from their inter-
actions (this is elaborated upon in sections 4.4, 6.3.3
and 6.4). We do nevertheless aim to, as far as possi-
ble, mitigate common errors [5] that can occur during
multi-user ontology editing.

1.2 Scope and assumptions

Our multi-user ontology editing methodology is pre-
sented within the context of OWL-DL (an ontology
language based upon description logics [15]), however
it could be easily adapted to other similar formalisms.
We assume editing will take place on a single ontology,
as opposed to work being carried out on multiple mu-
tually importing modules.

2. CONCURRENCY IN DATABASES

The purpose of concurrency control in databases is to
allow multiple users to access data in a single database
while giving the illusion that each user is alone in ac-
cessing the system [1]. In contrast, we defined the
aim of multi-user ontology editing as: allowing multiple
users to collaboratively construct a knowledge struc-
ture. Since the purpose of concurrency control in on-
tologies is different from concurrency control in database,
the solutions developed for database system cannot sim-
ply be applied to ontology engineering. Nevertheless,
the two problems do have enough in common that a
review of the concurrency control in databases will be
helpful to set the stage for multi-user ontology editing.

2.1 Locking vs. non-locking vs. sagas

Database concurrency control is a very complex topic
with many different algorithms. Solutions can be de-
composed into locking and non-locking schedulers. Lock-
ing schedulers use some variant of the two-phase commit
protocol (2PL) to ensure data consistency. Non-locking
schedulers use time-stamp ordering or serialization-graph
testing to detect data inconsistencies after they occur
and roll-back the offending transaction(s) [2].

Sagas are long-running transactions consisting of nu-
merous related individual transactions. If a long trans-
action were to lock all the parts of the database it re-
quired access to, then a large portion of the database
would be blocked for the duration of this long trans-
action. Sagas therefore run in a non-locking fashion,
which greatly improves performance. Instead of rolling
the entire group of transactions back, if a conflict oc-
curs, sagas run compensating transactions to restore
the database to a consistent state. These compensating
transactions are application specific and therefore need
to be tailored individually for each system [6].

A conservative (locking) approach to database trans-
action scheduling is best employed when the chance of
conflict is high, since it prevents conflicts before they

happen, while aggressive (non-locking) scheduling works
best if most transactions complete without conflict, since
it eliminates the overhead of locking. Sagas provide op-
timization performance for long-running transactions.

2.2 Database methods applied to ontologies
Campbell [3] points out that systems that initiate some
kind of rollback upon detecting a conflict (i.e. non-
locking systems) are not good choices for collabora-
tive ontology development, since ontology engineers will
have no way of knowing if their work will be discarded
when they submit it. The longer the transaction, i.e.
the more editing work an ontology engineer has poten-
tially performed before submitting his or her changes
back into the main ontology, the greater the potential
loss if a conflict occurs. The greater the potential loss,
the more reluctant an editor will be to use the system
to make his or her changes in the first place.

So, conflict in asynchronous multi-user editing must ei-
ther be managed by creating compensating transactions
(similar to the ones used in sagas), or by locking all
parts of the ontology which are to be modified (similar
to 2PL). Campbell discusses the former option in detail
[3]. His solution requires that the editors discuss every
conflict and manually resolve it. This paper suggests
a solution using the latter option: preventing conflicts
before they occur.

2.3 Challenge of locking semantic systems
The additional expressivity of ontologies based upon
the OWL description logic over databases creates a new
layer of complexity for a system of locks. A database
can read, insert and update records. Similarly, axioms
in an ontology can be added and removed (but not up-
dated). However, the axioms in an ontology can also
reference other axioms, as well as be referenced by ex-
isting axioms. Moreover, the nature of these references
can vary, so some superclass references might consist
of links to named classes, while others might consist
of anonymous restrictions (which in turn might con-
tain references to several filler classes). It is because of
these differences between ontologies and databases that
a novel solution is needed.

3. EDITING METHODOLOGY

We have identified a methodology for asynchronous multi-
user ontology editing which involves the following steps
shown in figure 1.

1. Asserting locks: selecting the classes to be modi-
fied and specifying the editing intent, i.e. selecting
the lock those classes should be locked with.

2. Extracting locked segment: extracting locked
classes out of the ontology for asynchronous edit.
Extracts can either be materialized by using seg-
mentation techniques such as [19] [9] [17], or they
can be virtual [14], where the editing application
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Figure 1: The asynchronous multi-user ontology
editing workflow

only allows the modeler to modify classes he or she
has locked, but the entire ontology is still present
in the background. The former is useful when the

. Re-merging the modified segment: a change

set is merged back into the main ontology and the
corresponding locks are removed. This set is com-
parable to a commit of a long transaction in a con-
ventional database application. The version of the
ontology before the re-merge is stored to allow for
if a change is found to be erroneous in the future.

. Re-test the modified segment: if the changes

were made using an unsafe change mechanism the
ontology should again be checked for errors and
unexpected inferences at this point. The extra test
is necessary because other modelers might have in-
troduced changes since the original segment was
taken. Additionally, if the segment was material-
ized (extracted), additional inferences might result
from the additional axiom present in the complete

ontology is very large and load times become a ontology.

problem, since segmenting ontologies can signif- This paper will focus on the first and currently least
icantly reduce ontology size [19] at the expense well established part of this workflow: locking ontology
of potentially relevant classification results (unless segments and thereby mitigating errors.

the segmentation technique created by Grau et al.
[8] is used). The latter allows the modeler to view 4. RESULTS OF MULTI-USER EDITING
the entire ontology, allowing him or her to get a We define a consequence of multi-user ontology edit-
better overview of how any changes relate to the ing as any incident that might occur when one user
global picture, including all classification changes integrates his or her changes into an ontology that has
that might be entailed by classes outside the locked since been changed by someone else. We have identified
segment, as well as allowing the modeler to assert two basic categories of such incidents: database-type
additional locks on-the-fly, if necessary. errors well known from conventional concurrency con-
trol systems and consequences resulting from semantic
inferences made by a description logic reasoner. These
incident types may be further broken down as follows:

3. Modifying the segment: the modeler makes
changes. During this phase the ontology editing
application either records all changes in the back-
ground while the modeler is working (as featured
in the Swoop ontology editor [11]), or the modified
segment is compared to the state of that segment
previous to modification (e.g. using the PROMPT
suite [16]). Either technique may be used to pro-
duce a change set that can be applied to or rolled
back from the complete ontology as necessary.

4.1 Incident types
e Database-like errors: errors well known from
databases and other systems with concurrent multi-
user access.

— Syntax error: someone creates syntactically
invalid ontology axioms.

— Dangling reference: someone creates a ref-
erence to an item that he or she assumes ex-
ists, but that in reality has either been deleted,
or not yet created. From a purist RDF/OWL
viewpoint the missing item would just be cre-
ated implicitly, but that is rarely the intended
behavior in a modeling environment.

4. Testing the modified segment: using a de-
scription logic (DL) reasoner to find unsatisfiable
(inconsistent) classes, running ontology tests and/or
running scripted syntactic ontology tests to detect
violations in naming conventions, missing anno-
tations and trivially satisfiable classes [20]. The
consistency of a modified segment can be checked
quickly without computing all new subsumption
relations and without building a complete re-merged
copy of the knowledge base. This can be done by
transforming the series of changes in the modified
segmented into one long conjunction and querying

— Overlapping edit: two people edit the same
thing at the same time. Editors might also
concurrently create a class with the same name,
but with different restrictions.

¢ Consequences of semantic inference: incidents

a DL-reasoner service as to its consistency with re-
lation to the (presumably) already classified main
ontology. The query will not affect the main ontol-
ogy. Any errors that are uncovered in this process
may be further diagnosed by using various ontol-
ogy debugging tools [10] [20].

occurrent from the inference capabilities of descrip-
tion logics and similar semantic technologies. The
root cause of these effects can be reduced to basic
subsumption, but it is nevertheless useful to sepa-
rate out the specific cases, since this allows us to
distinguish different user intentions.



— Equivalence: two classes with different names
are inferred to be equivalent when classifying
an ontology with changes integrated from an-
other user.

— Unsatisfiable class (inconsistency): a class
becomes unsatisfiable because of the changes
someone else has introduced.

— Subsumption: a class is subsumed under
an additional new superclass when classify-
ing an ontology with changes integrated from
another user.

4.2 Incident circumstances

Incidents can be either desirable or undesirable. It is
impossible to formally defined whether a particular in-
cident is useful, as this is very much dependent on the
judgement of the humans creating the knowledge base.
What might be an unwanted side-effect for one party,
might be a useful interaction for someone else with a
different point of view. For example: consequences of
semantic inferences may or may not be desirable, de-
pending on the circumstance. However, database-like
errors are almost always undesireable.

e Intended: a change has the intended effects.

e Unintended: a change that results in unexpected
side effects.

e Failure of intent: a change that produces a dif-
ferent results of those that were intended.

Table 1 shows the combination of various effects of se-
mantic inference and incident circumstances and gives
examples of the resulting scenario.

Incident cir- Inconsistency Subsumption Equiva-
cumstance error error lence error
Intended successful .desired desired

probe class test inference Synonym
undesireable dinit potentially

Unin- || conflict (intrin- selzen 11p1dous useful

tended || sically linked to drigr(l)\?erge knowledge
subsumption) y discovery

Failure probe class underspecified | difference
fi . KB (can detect | in modeler

of intent test failure . -
with probe) opinion

Table 1: Incident types and circumstances ma-

trix

4.3 Error recovery strategies

Detecting and removing an error early in the lifecycle
offers a significant saving in cost [18]. Naturally, pre-
venting an error before it occurs offers the most sub-
stantial cost savings. In a multi-user scenario, finding
and correcting an error or undesireable in early testing
(stage four, in figure 1) is less costly than finding it in
late testing (stage six). This leads us to the following se-
quence of actions, each progressively less desirable than
the previous:

1. Prevent an error occurring in the first place

2. Automatically fix the error as it occurs

3. Find and fix the error early in the lifecycle
(before remerging changes)

4. Find and fix the error late in the lifecycle
(after remerging changes)

5. Never find the error

4.4 Preservation of useful effects

Contrary to the goal of preventing errors are the fol-
lowing goals of preserving useful multi-user modeling
incidents, each progressively less important than the
previous:

1. Enable desired multi-user effects: probe class
tests!, distributed subsumption and concurrent ad-
dition of synonyms.

2. Enable serendipitous discovery of knowledge:

unintended subsumptions and some unintended equiv-

alences.

3. Enable concurrent error checking: probe class
tests and multi-defined term conflicts [3] to high-
lighting differences in modeler opinion (see section
6.2).

The technique presented in this paper attempts to re-
solve this dichotomy of goals.

5. LOCKS

The technique presented in this paper uses locks to mit-
igate potential errors. Different types of locks were de-
sign for varying degrees of editing freedom. The more
editing operations allowed, the greater the amount of
the ontology that needs to be locked in order to miti-
gate errors. Such broader locks will result in other peo-
ple being more restricted in their editing. Conversely,
the less harmful an editing operation is, the less power-
ful the lock that goes along with needs to be, which, in
turn, provides a greater degree of concurrency.

5.1 Lock selection

Questioning ontology developers revealed that locking
on a class-by-class basis is tedious. A more conve-
nient way of asserting locks is to either have pre-defined
modules or selecting single classes to lock and then
propagate locks downwards to all subclasses of those

classes. Both inferred and asserted subclasses should
be included.

!Similar to test cases in conventional programming, probe
classes are classes which are expected to be inconsistent,
equivalent, or subsumed under a specific class. These con-
ditions can be checked after classification by a script. Any
variation from the intended result indicates an error / failure
of intent.



5.2 Lock type overview

Six different types of locks were identified in order to
meet the goal of mitigating errors while preserving as
high a number of concurrent locks as possible. Each of
the following locks is more restrictive than the previous.
Locks also build upon another, so a delete-lock includes
all the previous lock types.

e Ghost-lock: allows a class to be referenced and
subclassed but not changed.

e Parent-lock: the superclass of any otherwise locked

class; such a locked class may be referenced, but
not changed.

e Subclass-lock: allows a new subclass to be cre-
ated under an existing class (even if it is parent-
locked).

e Add-lock: allows any type of new restrictions to
be placed on an existing class.

¢ Remove-lock: allows existing restrictions to be
removed.

e Delete-lock: allows existing classes to be moved
or deleted.

5.3 Lock propagation

Dynamically asserted modules can be selected by fol-
lowing different types of links, similar to how ontology
segmentation by traversal works [19]. A module can be
constructed by starting from one target class and se-
lectively following superclasses links, subclasses links,
outgoing links to restrictions’ filler classes and incom-
ing links from other classes’ restriction fillers, or any
combination of these.

In our model, those locks which allow modification of
a class (i.e. add-, remove- and delete-lock) should au-
tomatically also lock all that class’ subclasses using the
same lock. This allows ontology engineers to quickly
select a leaf region of an ontology for editing.

Those locks which prevent others from editing (i.e. ghost-
and parent-locks) should automatically recursively lock
their superclasses using the same lock. This prevents
editing all the way up the root of the hierarchy. Since
any change to a class’ superclass will affect the original
class, all superclasses need to be locked in some way to
prevent overlapping edit errors (see section 6.1.3).

Similarly, outgoing and incoming links must be ghost-
locked and remove-locked (in the case of a delete-lock on
the base class) respectively in order to prevent dangling
references (see section 4.1).

A modeler may, in some cases, assert additional locks
on a class that is already locked by someone else (for
example: adding additional restrictions to a class ghost-
locked by someone else).

It is important to note that in our proposed technique
locks do not propagate recursively horizontally. That
is, referenced and referencing classes might be locked
as a result of another lock, but those new locks will
not in-turn cause other classes to be locked. Locks do
however recursively propagate vertically: upwards to
their superclasses (with parent-locks) and downwards to
their subclasses (with add-, remove- and delete-locks).

All these interactions are detailed in table 2.

6. ERROR MITIGATION

This section gives specific examples of the consequences
of multi-user editing (as defined in section 4.1) that are
mitigated by the locking system, as well as those that
are purposely allowed.

Ideally we would prevent all errors before they occurred
and preserve all useful multi-user modeling incidents,
but this is not possible. In particular, unintended sub-
sumption and unintended inconsistency are fundamen-
tally intertwined [13]. The mitigation strategy discussed
in this section provides a balance between the two ex-
tremes. That is: mitigating as many errors as possible,
while also preserving as many useful concurrent editing
outcomes as possible. It particularly does not attempt
to prevent all cases of unintended inconsistency in order
to allow useful unintended subsumption to occur.

(Note: diagrams in this section follow the legend given
in figure 2.)

4 Inferred relationship

Defined class
kAsserted relationship relationship

Figure 2: Diagramming conventions

Q Locked class

o Ghosted class
[ Unlocked class

Inverse properties

6.1 Referential error types
These are basic errors types that have already been
solved in other areas such as the databases field.

6.1.1 Syntax error mitigation

Syntax errors are mitigated by the ontology editor. A
good ontology editor will prevent these types of errors.
The Protégé-OWL ontology editor [12], for example,
makes it impossible to create syntax errors. Protégé
checks the syntax of every axiom as it is entered and
thereby prevents invalid axioms from being asserted.

6.1.2 Dangling reference mitigation

The locking technique presented herein, which requires
that classes be ghosted before being referenced, pre-
vents violations of referential integrity. That is: if a
modeler wants to delete a class, it must first be delete-
locked. Delete-locking a class requires that all classes
referencing that class be remove-lock. Classes that are
ghost-locked (being referenced) by other modelers can-
not be delete-locked, thereby preventing dangling refer-
ences.



Lock type || Referencing | Superclasses | Subclasses | Referenced Additional
on class || (incoming) (upward) (downward) | (outgoing) | locks on class
ghost-Tock,
Ghost-lock none ghost-lock none none parent-lock,
subclass-lock
ghost-lock,
Parent-lock none parent-lock none ghost-lock | parent-lock,
subclass-lock
Subclass-lock none parent-lock none ghost-lock ghost-lock,
parent-lock
Add-Tock none parent-lock add-lock ghost-lock none
Remove-lock none parent-lock | remove-lock | ghost-lock none
Delete-lock refgg{ze— parent-lock | delete-lock | ghost-lock none
Table 2: Lock propagation interactions

6.1.3 Overlapping edit mitigation

Requiring that modelers lock classes before making changes

prevents two people from modifying the same class at
the same time.

6.2 Unintended equivalence mitigation
Unintended equivalences are another incident that was
identified during the construction of SNOMED. The so-
called non-unique definition conflict [3] results when
different modelers give different defined classes equiv-
alent definition. A description logic reasoner will infer
these two classes to be equivalent.

Such equivalences can either result because (1) the two
terms are synonyms, or (2) at least one of the definitions
is faulty, i.e. either incomplete or incorrect [3]. In the
first case, the unintended synonym should be preserved,
since this was a goal we set out in section 4.4. A fault,
in the second case, might be an error, but might also
indicate genuine differences in modelers opinion. As
Campbell points out [3], those kinds of differences are
best resolved in a dialog between modelers with differing
opinions. So, in either case, rather than attempting to
mitigate a desirable effect, better to preserve the ability
for unintended equivalence to occur.

6.3 Unsatisfiability mitigation

As stated in section 1.1, the technique presented in this
paper aims to reduce the number of errors in multi-
user ontology editing. This section addresses how cases
of unexpectantly unsatisfiability are mitigated by the
locking technique.

6.3.1 Errors prevented by parent-lock

Figure 3 shows how the parent-lock mechanism prevents
some errors. If a modeler were allowed to edit the su-
perclasses of a class that another modeler was working
on, they could make assertions like:

WoodenlInstrument TV isMadeFrom . Wood, which would

contradict the statements made about the Violin class
in the example. However, parent-locks prevent this
kind of situation from happening, because all the su-
perclasses of a locked class are also locked.

Wooden
Instrument N

N\ V isMadeFrom .. _
[Usersi ]~ 5™ A
[user#1]”" "y !
. . -
R ' .
K Violin H
B \
Wood Metal N

.El~isMadeFrom \ .-
== JisMadeFrom ===~

Figure 3: Unexpected unsatisfiability prevented
by parent-lock

6.3.2 Errors prevented by add-lock

V isMadeFrom (Wood r 3 hasFeature Flameable)

A\, Instrument
Flameable

/
g
g
.
.
.
.

.
.
.
.

is-A

Violin

.3 isMadeFrom

Figure 4: Unexpected unsatisfiability prevented
by add-lock

Figure 4 shows how the add-lock mechanism prevents
some errors. The Violin class inherits the restriction
from its superclass ( WoodenInstrument) stating the such
classes are only made from Wood that is Flameable. If
user #1 adds an existential restriction to Violin that
references FireproofWood and user #2 simultaneously
adds a restriction that asserts that FireproofWood is
not Flameable, then this would result in an unexpected
inconsistency. However, add-locking Violin results in
all the classes it references becoming ghosted, thereby
preventing anyone else from add-locking FireproofWood
and ensuring that this particular kind of error cannot
occur.



6.3.3  Errors not prevented by locking

-
/
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p: . ™ Flameable ; .
Wooden *

Instrument

-3 isMadeFro‘m

[N = J isMadeFrom e
/" Physical "\ \

3 isMadeFrom

3 isMadeFrom
Figure 5: Unsatisfiability not prevented by lock-
ing technique

Figure 5 shows a case of an error that the locking tech-
nique, as presented in this paper, cannot prevent. If
user #1 adds a restriction to Violin that states that
it is made from some Metal and user #2 simultane-
ously asserts that FlameableObject is not made from
some Metal, this will result in an inconsistency. The
error results because Violin is also asserted to be made
from Wood and everything made from Wood is defined
as a WoodenInstrument and WoodenInstrument has a
feature that it is Flameable and all things that have
some Flameable feature are defined as a FlameableOb-
ject. This sequence causes Violin to be classified as a
subclass of FlameableObject, thereby inheriting the re-
striction that FlameableObject is not made from some
Metal, which contradicts the statement asserted on Vi-
olin.

Since the two contradicting statements can be made in-
dependently of each other, by separate concurrent mod-
elers, the error will only be noticed late in the lifecycle,
when both modelers check-in their changes. The lock-
ing technique cannot prevent this (while preserving un-
intended subsumption).

6.4 Unintended subsumption preservation
Preserving the ability for a class to be unexpectedly in-
ferred as a subclass of another class when integrating
changes from another modeler is a key feature of our
locking technique. However, this same feature makes it
impossible to protect from all unexpected inconsisten-
cies (as in the example in section 6.3.3).

6.4.1 Common unexpected subsumption

Figure 6 shows a common case of unexpected subsump-
tion. User #1 creates a defined class that asserts that
everything made from Wood is a WoodenInstrument.

[ Wooden )
+\_Instrument

K . < .
.. IsA = 3 isMadeFrom

3 isMadeFrom

Figure 6: Common case of useful unexpected
subsumption

User #2 simultaneously makes a new assertion that Vi-
olin is made from some Wood. The result is that Violin
is inferred to be a WoodenlInstrument.

This mechanism allows one user to establish definitions
and have classes created by other users change location
accordingly. The fact that both users are allowed to
concurrently ghost-lock the Wood class makes this kind
of inference result possible. Serendipitous collaborative
work can hereby result. The inference mechanism pro-
vided by description logic reasoners classifying OWL-
DL ontologies provides this potentially very powerful
tool for knowledge discovery.

6.4.2 Subsumption due to inverse property usage

3 plays

Fiddler

Figure 7: Inverse property usage resulting in
unexpected subsumption

Figure 7 shows another unexpected inference that may
result during multi-user ontology editing. In the ex-
ample there is an incoming link from the Fiddler class
to the Violin asserting that Fiddler plays some Violin
and the plays property is an inverse property of the is-
PlayedBy property. If a user locks Violin and adds a
new restriction asserting that Violin is played by only
Violinist, then the logical consequence is that Fiddler
must be a Violinist. The Fiddler class was outside the
locked section of the Violin class since it was not being
referenced by it.

All other user of the Fiddler class would find it un-
expectedly subsumed under Violinist when integrating
changes from user #1 in this example. The cause for
this would not be very obvious. We might addition-
ally imagine difficult to diagnose inconsistencies result-
ing from contradictory statements made about Violinist
and Fiddler. Nevertheless, we believe the value deriv-
able from unexpected subsumption in a multi-user edit-



ing scenario is greater than the potential harm caused
by mysterious inconsistencies.

6.5 Unintended failure to subsume

It may be undesireable if, after integrating another mod-
eler’s changes, a class is suddenly no longer subsumed
under a class it was previously subsumed under. Among
other things, removing an item from the conjunction of
a defined class, or adding to the restrictions of a primi-
tive class can undo such a previously present subsump-
tion inference. The locking technique again does noth-
ing to prevent such unintended failure of subsumption.
However, lack of subsumption can be identified by using
the best practice of adding probe classes to the ontology
(see also footnote 1). Such classes are expected to be
unsatisfiable if certain invariants in the ontology hold
true. In that way, the probe class mechanism can be
used to detect and address failures of critical subsump-
tion relations.

Then again, in some cases (such as ones similar to those
discussed in section 6.4) an unexpected failure of a sub-
sumption may be the desired correct behaviour. Probe
classes are, of course, not necessary in such cases.

7. CONCLUSION

We have presented a complete lifecycle for collabora-
tive ontology engineering. This methodology empow-
ers teams of ontology modelers to cooperatively con-
struct the increasingly large and complex knowledge
structures. We see users dynamically selecting custom
segments for asynchronous editing, instead of relying on
a pre-selected module structure. A system of multiple
lock types protects ontology engineers from errors as
far as possible while preserving useful consequences of
multi-user editing.

Existing approaches have either been designed for data-
base-like systems without semantic inferences capabil-
ities [6], do not employ locking to mitigate errors [3],
or have been developed primarily to support the safe
modular re-use of ontologies [7]. Our approach is dis-
tinctive in that it aims to enable asynchronous collabo-
rative construction of rich DL-based semantic-web on-
tologies while mitigating potential errors only were they
do not interfere with serendipitous knowledge discovery.
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