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An ontology
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o Conceptualization of a domain that Is

» formal
can be used for inference
- makes assumptions explicit

« shared, agreed upon
- enables knowledge reuse

- facilitates interoperation among applications and
software agents



An ontology (lI)
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The Good News
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o Ontologies are the backbone of the
Semantic Web

- More ontologies are available

o Ontology-development tools lower the
barrier for ontology development

- More people are developing ontologies




The Good News |: Semantic Web
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o Ontology languages defined as
standards: RDF Schema as OWL

o A huge playing field for ontology
research and practice



More Good News: Ontology Tools
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o Ontology-development becomes more
accessible

o Protege
» Developed at Stanford Medical Informatics

¢ |s an extensible and customizable toolset for
constructing knowledge bases

- developing applications that use these knowledge
bases

http://protege.stanford.edu
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CLASS EDITOR
For Class: @ Wine

CLASS BROWSER
For Project: @ wines

(instance of :STANDARD-CLASS)

Class Hierarch| ~ | ¥ | & | X| ~ Name Documentation Constraints |#% F
> @& Food 4 Wine A wine class represents all
¥ ® Drink r possible wines
¥ & Wine Role
K z f . - PEF
¥ @ White wine . Concrete ® H"] el S
> @ White Eurgund)r P ok o
@ Chardonnay Template Slots A= N 'H_-"-'-_;'_:E-i."*t‘ﬁi_
@ Chenin Blanc Name Cardinality Type Other Facets e ol '
i Pinot Blanc M body single Symbaol allowed-values={FULL,MEDIUM,LIGHT} .
@ Sauvignon Bland |~ = color single Symbol allowed-values={RED,ROS5,WHITE}
i Semillon = flavor single Symbaol allowed-values={DELICATE.MODERATE.S
b @ Riesling B grape multiple ... Instance of Wine grape
@ Sauterne = maker singl — — : — ——
® White Bordeaus| ) name singl ) O €  Chateau Morgon Beaujolais (instance of Beaujolais)
@ Sancerre B sugar singl Name
. Musc?det 4’ Chateau Morgon Beaujolais
0 lce Wine
b i Rose wine G =
) - Body Color Maker P |# |
> © Red wine x4 p :
<@ -~ T8 LIGHT I-H RED v # Chateau Morgon
B & |, Pl |é¥| ¥
NPT Flavor Sugar Grape A
'DELICATE  |3] DRy '+ # Gamay grape

Tannin Level
LOW
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Protége
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o What makes Protége different?

« Automatic generation of graphical-user
Interfaces, based on user-defined ontologies, for
acquiring domain instances

» Extensible knowledge model and architecture
» Scalabllity to very large knowledge bases

- Available under an open-source license

http://protege.stanford.edu



The Ideal World
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o The same language

o No overlap in coverage
o NO hew versions

o A single extension tree
o Small reusable modules




The "“Bad” News: The Real World
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PROMPT: Dealing with the Messy World

e R s It b I L

0)

Find similarities and differences
between ontologies
ontology mapping and merging
Compare versions of ontologies
ontology evolution

Extract meaningful portions of
ontologies

ontology views

Integrate in an ontology-editing
environment

Protége plugin



Mapping and Merging
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o Existing ontologies
= cover overlapping domains

» use the same terms with
different meaning

- use different terms for the
same concept

"Basically, we're all trying to say the same thing."

- have different definitions for
the same concept



IPrompt:
An Interactive Ontology- Mergmg Tool
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o IPrompt provides
» Partial automation
« Algorithm based on
- concept-representation structure

~ relations between concepts

_ user’s actions

o [Prompt does not provide

+ complete automation



IPrompt Algorithm
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Make initial suggestions

Select the next operation

Perform automatic updates

Find inconsistencies and potential problems

i Make suggestions

-w



Example: Merge Classes
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Example: Merge Classes (II)
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.-—l[ ® Classes ®™ Slots = Forms  # Instances & Queries _—-\

| Suggestions | Conflicts  New operations | Resultclasses | | » |

To Do list Fa || X current Ha|W|S
Name Argl | Arg2 © THING

merge @ Publication cmu ® FPublication umd > SYSTEM-CLASS

merge @ Employee cmu ® Employee umd

merge @ Proceedings cmu @ Proceedings umd

merge @ Organisation cmu @ Organization umd

merge @ Research_Group cm@ ResearchGroup umd

merge @ EMail cmu ® Email umd

merge @ Article cmu @ Article umd

merge @ Book cmu #® EBook umd

merge @ Thesis cmu @ Thesis umd

merge @ MastersThesis cmu @ MastersThesis umd

merge @ PhdThesis cmu ® Thesis umd

merge @ Person cmu @ Person umd

merge @ Meeting cmu @ Thing umd

merge @& Director cmu @ Director umd

' Dot
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# Instances

& Queries —mept-{—

L]

= doctoralDegreefFr...

multip le

Instance of University--umd_temp

To Do list | IX|S |1 current 21k
Namé Argl Arg2 Param "THING

copy @ Image umd A B :SYSTEM-CLASS
merge BN age--cmu = age--umd m @ Person
merge B Sex--Cmu m sex--umd
cop i S
cop Oe6 Person (instance of :STANDARD-CLASS)
me ~ Concrete @ e
cop _
cop Template Slots A=
cop Mame Cardinal Type Other Fac
e B age--cmu multiple Integer

B jge--umd multiple String
Re m birthDate--umd  multiple String
fra M child--umd multiple Instance of Person




After a User Performs an Operation
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o For each operation

- perform the operation

» consider possible conflicts
- Identify conflicts
- propose solutions

- analyze local context
¢ create new suggestions
- reinforce or downgrade existing suggestions



Conflicts
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o Conflicts that PROMPT identifies

- name conflicts
- dangling references
» redundancy In a class hierarchy

slot-value restrictions that violate class
Inheritance

¢



Analyzing Ontology Structure
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o Structures that Prompt analyzes

» classes that have the same sets of slots
» classes that refer to the same set of classes

» slots that are attached to the same classes

o Local context

» Incremental analysis

- consider only the concepts that were affected by
the last operation



Evaluate the Quality of IPROMPT’s

Suggestlons
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Suggestions
that the tool o Metrics
produced » Precision
» Recall
o Method

« Automatic logging
- Automatic data reporting




Results: the Quality of
IPROMPT S Suggestlons
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: Conflict-resolution strategies
Stlgqestions that users followed

that users followed '
'

Knowledge-base operations
generated automatically

74%



AnchorPrompt:
Analyzing Graph Structure
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latest-protocal
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blinding

local-principal-iniestinator study-population

PERSOM

individual-membhbers

TRIAL-SUBJECT

Blinding

hlinded_materials_numberer

Ferzaon

Individual

Character

principal_investigator®



Similarity Score
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o Generate a set of all paths (of length < L)

o Generate a set of all possible pairs of paths of
equal length

o For each pair of paths and for each pair of nodes In
the identical positions in the paths, increment the
similarity score

o Combine the similarity score for all the paths



Equivalence Groups
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latest-protocol

executed-protocol

treatment-grouy

TREATMENT-POPULATION

crossover-to

CROSSOVER




AnchorPrompt Example
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TRIAL Trial
PERSON Person
CROSSOVER Crossover

PROTOCOL Design
TRIAL-SUBJECT Person
INVESTIGATORS Person
POPULATION Action_Spec
PERSON Character
TREATMENT-POPULATION Crossover_arm




Anchor-PROMPT Evaluation
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o Experiment setup

» Two ontologies from the
DAML ontology library
describing universities and
organizations

- Varying parameters
- maximum path length
- number of anchor pairs

Webresource
Audio
lmage
Video
WebPage
Schedule
AcTivity
Frocess
Recreation
Worl
Course
Research
Address
Agent
ArtificialAgent
SocialGroup
Organization
CommercialOrganization
EducationOrganization
Department
Institute
Program
ResearchGroup
School
University

University of Maryland
research ontology

Publication
Article
Book
TechReport
Thesis
MastersThesis
PhdThesis
Academic_Mission
EMail
Industrial_Mission
Office
Crganisation
Academic_org
Covernmental_org
Industrial_org
Person
Employee
Project
Research_Deliverables
Research_Group
Sex
Worl _Activity
Meeting

CMU Atlas ontology



Anchor-PROMPT: Evaluation
Results
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o Ratio of correct results above the median
similarity score

100% -
= 80%
‘o
'g 60% M 2 edges
o M 3 edges
% 40% - M4 edges
€ 20% |

0% -

2 3 4

Number of anchors




AnchorPrompt Discussion
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o Relies on a limited input from the user

« 3 anchors — 2-3 new pairs (above median)
» 4 anchors — 3 new pairs (above median)

o Has limitations

» source ontologies with very different structure
and level of generality



Combining Merging and Mappmg
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Declarative
mapping
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The Messy Picture
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Ontology Versmnmg
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o Ontology development became a
dynamic, collaborative process

» Need to maintain different ontology versions

o CVS-type systems
v Repository of versions
v Check-in/check-out mechanisms
»* Version comparison (diff)



Structural Diff
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Wine Wi
color String k1 produced_by Winery
| :

| Red wine




S| tannin_level

(CIRosé wine
8] produced_by
(C) Red wine

(C) Chardonnay
(£ Merlot

(£) White wine
(C)Wine

() Winery

Directly-changed
Directly-changed
Directly-changed
Changed
Changed
Changed
Changed
Unchanged




General Problem: Ontology Matching
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o Compare ontologies

o Find similarities and differences
» Merging: similarities
« Mapping: similarities
e \ersioning: differences
o Ontology Versioning
- If things look similar, they probably are

- A large fraction of ontologies remains unchanged
from version to version



The Promleff Algorlthm

PR SK b an Tt G P D A A ety S0 LT v L I R

o Goal: Find a diff automatcally

o Consists of two parts

« A set of heuristic matchers

» A fixed-point algorithm to combine the results of
the matchers

o Can be extended with any number of
matchers



Single Unmatched Siblings
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Wine
maker Winery
color String

Wine
produced_by Winery

Red wine
tannin String

Red wine
Merlot Chianti




Siblings with the Same Suffixes
or Prefixes
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Wine
maker Winery
color String

Wine
produced_by Winery

I o

Red wine
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r
-
&
L
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Other Matchers
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o Unmatched superclasses
o Inverse slots
o Multiple unmatched siblings

o |[nstances of the same class with the
same slot values

o OWL Anonymous classes



PromptDn‘f Evaluation
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o Use ontology versions from projects at
Stanford Medical Informatics

- EON (~300 frames)
- PharmGKB (~1900 frames)

o Both projects
- are collaborative
- use ontologies heavily
- maintain a record of their versions



PromptDn‘f Evaluation
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o We compared results that PromptDiff
produced with manually produced
results

o On average, 98.6% of frames have not
changed

o We need to consider the accuracy for
the remaining 1.4% of frames



Evaluation Results
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o All frames that PromptDiff matched, it
matched correctly

o Transformations (match, add, delete)
found (recall): 96%

o Number of correct transformations
(precision): 93%
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Presenting Ontology Diff
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Traditional versioning systerns enable users toesass SEs COmpare
different versions, examine changes, and accept or rr:Ject changes. For
iterative collaborative dr:velopment of ontologies, we need a sirnilar
er el 0ning "ummﬁ HIIWV = *JJi‘lilr‘* versioning systems treat J_lﬁ"" Are r-r|r1r=
ﬂui text suppe se—rdocuments essentially as text files,
versioning systr:m for DﬂtDch_lES—}ﬁ*WH— rmust compare and present
structural changes rather than changes in text representation of ontologies.




PromptDiff Interface
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Table view  Tree view 1
SulV = o « X I @ Rosé wine (type=:STANDARD-CLASS) C x
. . i
@ THING Name Documentation -~
[ @ SYSTEM-CLASS Rosé wine
v @Wine
3 @Red wine Rale
v White wine =
G Concrete :)
() Chardonipgy '
¥ (i Riesling Template Slots
@ Dry Ried class moved from Red wine —
: ey = Mame v Typer Cardinality "
W I s i
@ L |S| produced_by Instance single cli
@ Rosé wine
(C) Winery <
b (G Meatcourse af . ] -
- r i
-lﬁ Differences W
- x Operation v Slote | w Old Value New Value
Superclasses + own slot value changed  [S5|Name  Blush wine Rosé wine
@Wine '

Joint work with Michel Klein and Sandhya Kunnatur



The Messy Picture
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Ontology Views
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o Extract a self-contained
subset of an ontology

o Ensure that all the
necessary concepts are
defined in the sub-
ontology

o Specify the depth of
transitive closure of
relations




Traversal Views
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o Specification of a traversal view

» A“starter’ concept

» Relationships to traverse

» The depth of traversal along each relationship
o Can find “everything related”




heart

copy class

&

fm_localjuly28 5

Choose cla@ [D [EJ [EJ

1 subela | instani V! superc

. fpon ]

Mumber of levels to copy for specific slots
(checking the box and leaving the field blank
sets levels to "unlimited")

[l every slot | |

" [8] connecting part
1[S] connection type

E [S] constitutional part
E [S] constitutional part of 4
E (S| contained in 4

E [S] contains

[ SelectAll ][ DeselectAll

0K | ¥ cancel




Saving a View
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Starter Concept

o Save a view as instances Heart
In an ontology

iﬁ Subclasses | Instances | Superclasses

O Replay the view on a new Mumber Of Levels

version | Everything
o Determine if a view is Slot Directives cl+
“dirty” zlot depth

constitutional part of 4
contained in 4




Deallng with a Messy World




Future Directions

o " o . = N G .a"\-"-" <L Ly b g M ey aa
PR Sk, Tt A ¢a Pty IR A i Lo bk, PRRRrY

o Mapping and Merging
« Finding complex mappings
- Dealing with uncertainty
- Maintenance during ontology evolution

o Versioning
- Integrating with workflow
- Scalability

o Views
- Non-materialized, dynamic views
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"All I'm saying is now is the time to develop the

technology to deflect an asteroid"



