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Diagrams in this presentation

——

UML class diagrams with OWL(DL) semantics:

uml:Class --- owl:Class

uml:Association --- owl:ObjectProperty
uml:Generalization --- rdfs:subClassOf

no cardinality --- =0

1...” cardinality --- =1

1 cardinality --- =1

uml:AssociationClass --- owl:Class, or swrl:Rule
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Recap on ontology engineering techniques

= Creation of datamodels, e.g. pre-designed patterns for
SWS (push)

= Extraction of patterns by machine learning and NLP (pull)
= Reuse of existing/legacy ontologies (pull/push)
e Simple reuse (pull/push)
e Standards for definite domains (push)
e Building blocks (pull/push)
= Re-engineering of metadata (pull)
= Emergence from communities of interest (pull/push)
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Main needs

* There is a need for - a priori or a posteriori:

» Modularity: is there a viable design methodology for
ontology architectures?

« Reusability: are there viable ontological components to
reuse (e.g. as building blocks)?

« Quality: what expertise is addressed, and to what extent?
« Selection: how can ontologies survive and reproduce?

==
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Outline of the tutorial *

= A communication perspective on ontologies

= Structural measures (evaluation)

= Functional measures (evaluation)

= Usability measures (evaluation)

= Principles, parameters, and preferences for quality (validation)

= * Non-addressed in this tutorial:

o design-time vs reuse time, and related methodologies
» tools and ontology realization
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A communication perspective on ontologies

‘
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What is an ontology - socio-cognitive cut

« An ontology is (extension of Gruber 1993, Guarino 1998):

e A |
 Formal, Logic |

- Partial Specification of the Representation
« Conceptualization of a world Meaning

« Conceived by some Cognition

- Rational agent for some (good or bad) Embodiment
 Reason, and made in order to Motivation

* Negotiate that conceptualization with Agreement

« Someone else, or to Society

* Reuseiit. Culture

 In other words it is:
e a descriptive specification of a set of contextual assumptions about a world
(= a typed logical theory?)
« While it is not:

e a prescriptive specification of the inner structure of ‘true reality’ (unless the
conceptualization aims at this status)
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Ontologies”? Resources to be reengineered?

CYC  theory of flogistum
mereology conversational maxims

WordNet how to make a coffee” for dummies

DOLCE  Allen’s event calculus

talian Constitution

. RCC-8
the modal jazz harmony
| | UMLS Metathesaurus
railway timetable Roget’s thesaurus
AAT thesaurus

the glossary of nurses
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Thanks, Daniel!
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In the real world

» Real developers and (re)users of ontologies result to have many
more dimensions to consider: graph properties, logical validity,
accuracy, recognition, usability, economical efficiency,
modularization, ...

« Which theory can consider them all? and interrelate them all?

e An abstraction step is needed
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[Gangemi et al. 2004]
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The three semiotic realms of evaluation

e Syntax and formal semantics (structural evaluation): graph-
and logic-based measures

e Syntax-semantics matching (functional evaluation):
precision/recall-based measures

e Pragmatics (usability evaluation): recognition, (economic)
efficiency, and interfacing measures

——
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Quality assessment

It is a diagnostic task performed over ontologies
Needs principles and parameters based on those
principles

Parameters combine in non-trivial ways

Badness or goodness can change: preferential
ordering over parameters (cf. OntoMetric) to

represent trade-offs

oqual: a formal characterization of quality
assessment (based on the Description<->Situation
ontology design pattern, cf. [Gangemi 2005])
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E.g. fitness to competency question

E.g. relation

defines

E.g. retrieve

Quality-oriented ontology description

*

—

Quality parameter

Ontology element role ||

E

Ontology element task

o haz_requisite
clazzifies
1.4 has_attribute

claszifies

clazzifies zatizfied_by

Ontology element

Ontology-driven process

Yalue space

T

An ontology value space is any
attribute of an ontology element that
has been obtained by means of some

measurement procedure

E.g. the relation fits an expertise’
competency question: ‘| want to know
the family history for condition type ¢’

ik
zetting_for

annotation, etc.

Ontology elements can be: a class, a
property, an individual, a module, an

Ontology intended use sftuation

Ontology-driven processes make use
of an ontology element.
E.g. retrieve (p,f,c,i)

E.g. a relation among patient,
family, condition, indicator

E.g. project:
haemocancer ontology

E.g. use case:
haemocancer assessment

See also slide 62



Evaluation - 1
Structural evaluation -
Dimensions, elements, measurement methods

‘
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A semiotic perspective: the syntactic aspect
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Ontology (structural) measure definition

A structural ontology measure is defined according to the template:
M = <D,S,mp,c>

D=Dimension is the graph property to measure: the intensional
counterpart of the metric space

S=Set of graph elements includes the elements of the ontology graph
mp=Measurement procedure is the procedure executed to perform the
measurement. The procedure can be a function (as counting) or an
algorithm.

c=Coefficient of measurement error adjusts for context-related variations
on measurement procedure.

A measure m is a real number obtained by applying a measurement
procedure mp for a dimension D to a set S of graph elements, modulo a
coefficient c (if any):

MPp s ™ e > M eRn
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Types of structural measures (graph-based)

o Depth: absolute, maximal, average, e.g.
« Average depth: 1 iN‘

m =

Mpcg =5

e where N, is the cardinality of each path j from the set of paths P in a graph g,
and n,c, is the cardinality of P.

 Breadth: absolute, maximal, average See also [Yao et al. 2005]

 Tangledness

n
e Tangledness: m= =

tEGAHal ,a, (isa(m,a; )a(isa(m,a, )

» where ng is the cardinality of the set G of graph nodes, and t is the cardinality of the set of
nodes with more than one ingoing isa arc in g.

e Fan-outness: absolute, maximal, average, focused on siblings or
on leaf-nodes; e.qg. L

ENjESIB
» Average sibling fan-outness: S
SIB nG
where ENJES’B is the absolute sibling set

cardinality for the digraph g
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(cont’d)

« Specific criterion: relative, absolute, e.g.

» Ratio of sibling sets featuring a shared specific difference among elements
(e.g. Object:agentive/non-agentive):

n
IB(DF
m = Zsmor)

N

where nsigr) is the cardinality of the set SIB(DF) including only the sibling sets whose elements
share a specific difference. More precisely, an element x € j (a sibling set from SIB(DF)) must

have a same non-taxonomical relation p holding for different values from a same class ;
formally, for a sibling set j: Yx € j 3p,p(p(x,») A@(¥)) . nsis is the cardinality of the set SIB for g.

Density: presence of clusters of classes with many non-taxonomical
relations holding among them (wrt to overall ontology graph)
e usu. core ontology patterns (e.g. thematic roles, contracts, diagnoses)

e Modularity: absolute, partitioning, module overlapping, e.g.

 Modularity rate: m=I:1—M
S

where nwy is the cardinality of M (the set of asserted modules), and ns is the cardinality of S (the
set of graph elements).
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Types of structural measures (logic-based)

o Logical adequacy: consistency, complexity, anonymous classes,
disjointness ratio, cycles, Class/Property/Restriction/Individual
ratio

see also Sean Bechhofer’s presentation in SSSW 2005
Consistency: proportion of incoherent concepts
Complexity: types of logical constructs used

Anonymous classes: proportion of unnamed logical constructs used
by a classifier

Disjointness: proportion of mutually disjoint classes
Cycles: proportion of cyclical paths over the set of paths for g
Ontology element distribution: Class/Property ratio, etc.
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(cont’d)

» Meta-logical adequacy: Guarino and Welty’s OntoClean
» classes classified by their rigidity, unity, dependence properties

« attempt to reduce some functional measures to measurement of
adequacy wrt series of possible worlds (states of affairs)

« stability of a property across a series of temporal states for a same
entity (rigidity) e.g. person vs. student

« disjointness of sets of properties across a series of (different)
topological states for a same entity or cluster (unity) e.g. dog vs.
rubbish

« stability of a property across a series of states featuring different
relational properties for a same entity (dependence) e.g. dog vs.
dogtalil

=
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Evaluation - 2
Functional evaluation -
Coverage, Precision and Accuracy

‘
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Functional evaluation

An ontology graph and its formal interpretation must match an

Intended conceptualization [notice: design and reuse time have own
issues]

In the semiotic view of ontologies, a (syntactic) graph expresses
a context-bound intended meaning

The semantic interpretation of a graph should fit that meaning

The pragmatics of an ontology is mostly encoded in extrinsic
codes (annotations, profiles)
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A formal model of functional evaluation [Guarino 2004]

o The relationship between an ontology and a

w
| conceptualization.
i Given a logical language L that implicitly commits to a
. conceptualization C, an ontology’s purpose is to
- capture the models of L that are compatible with C.
These models are called the intended models.
Dmology mocsts Oy
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(cont’d)

The formal model in [Guarino 2004] uses an analogy with IR’s
precision and recall measures

Given an intended conceptualization: C = <A, W, R>, where:

* Ais a set of relevant entities, W a set of possible worlds, and R a
set of relations

Recall (renamed coverage) = the proportion of intended models
over A allowed by an ontology (intended as a logical theory)

Precision = the proportion of intended models on all allowed
models

Accuracy = the proportion of intended states of affairs on all
allowed states of affairs (intended as possible worlds)

* Models can map different states of affairs
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High precision, max coverage Low precision, max coverage

Max precision, limited coverage Low precision, limited coverage

The grey ovals includes all models allowed by the logical language.
The yellow ovals include the intended models.
The oval projections of rectangular spaces include the models

allowed by an ontology. [Guarino 2004]



Ontologies by expressivity

game game(x) — activity(x)
tennis athletic game athletic game(x) — game(x)
football court game court game(x) <> athletic game(x) A Jy. played_in(x,y) A court(y)
game tennis tennis(x) — court game(X)
field game outdoor game double fault(x) — fault(x) A Jy. part_of(x,y) A tennis(y)
court game field game
athletic game football

outdoor game

Taxonomy e

NT athletic game

Glossary
NT tennis
RT double fault
Catalog Thesaurus

Axiomatized
theory

DB/OO0O
scheme

Logical expressivity

|s precision dependent on expressivity? That depends on the intended
conceptualization: beyond a certain detail, expressivity is key
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Accuracy and precision

 When a model catches a state of affairs that is intended,
the accuracy of the ontology increases

 When a model catches a state of affairs that is not
intended, the accuracy of the ontology decreases

* The precision of an ontology is at least equivalent to its
accuracy

* The ideal accuracy requires one model for each state of
affairs
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An example: the Bwo

An axiomatic theory: the Blocks World Ontology (BWO)
« Signature: {On, Block}

e Axioms:

e On(x,y) — Block(x) n Block(y)

« On(x,y) = =0On(y,x) (antisymmetry)
¢ (On(x,y) A On(y,z)) — On(x,z) (transitivity)

A model M in BWO:

* On(red_block#1, blue_block#1)

* On(green_block#1, red_block#1)
* On(yellow_block#1, red_block#1)
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A state of affairs that maps to M
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Another state o“f‘*@ffairs that maps to M

S$2
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Quality checking of BWO

» Does BWO catch all the intended meanings?

» Is BWO so precise in order to exclude non-intended
models (if any)?:

* who knows? we need (counter)examples or
qgualified expressions of the expertise

« |Is BWO so accurate in order to exclude non-intended
states of affairs (if any)?

“*Non-Vertical” On?

“Disconnected” On?

Time and space? and what space?

Supporting plane and cables?

Colors?
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(cont’d)

» Is BWO flexible enough?

* Can we specialize the theory in order to make it more
accurate (if needed)?

e Can we represent supplementary entities (“surface”,
“cable”)?

« Can we represent time and space primitives?

 Can we encode alternative axioms for the same
signature, in the same or a different theory?
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Applicability of functional measures

How to retrieve the intended conceptualization?

e Where is it?

How to distinguish intended models vs. states of affairs in
actual ontology projects?

 Frequent intertwining of formal and informal drafting
We need to resort again to the semiotic perspective
sketched in the OZ2 pattern

e [ntended conceptualization and expectations related to
states of affairs concern cognitive, not formal semantics

SSSW2005, Cercedilla, 12 July 2005



Intended conceptualization as expertise

An intended meaning (or conceptualization) can be
considered part of the expertise of the ontology intended
users (cf. [Steels 1990])

A state of affairs can be either intended or not based on
that expertise

Models can be admitted or not by the users based on the
states of affairs that experts can envisage (e.g. wrt
prototypical examples and counter-examples)

Alternatively, one could assume a set of data as a qualified
expression of the expertise, e.g. texts, pictures, diagrams,
db records, terminologies, metadata schemas
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Qualified expressions of intended conceptualization: some
measurement methods for P/R

= Agreement assessment (black-box evaluation)
e through assessment made by experts’

= Task assessment (what tasks must be supported by
the ontology)
e wrt (computational) service specification
e wrt gold-standard
o wrt (social) task specification
= Topic assessment (what are the boundaries of the
ontology)
o wrt to existing metadata resources (e.g. a terminology)
o wrt to extracted patterns of information (e.g. from a corpus)
= Modularity assessment
e wrt reusable modules
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Agreement assessment

 Measuring P/R wrt consensus

* Black-box measurement: intended conceptualization is
left in the experts’ mind

* Requires organized experts and their availability

* Proposing examples and counter-examples is a typical
technique

* Many other rhetorical/argumentation issues
* Relation to user-satisfaction
* |Incremental agreement

e Top-down: see modularity assessment

* Bottom-up: cf. consensus reaching methodologies
(e.g. Uren et al. 2004)
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Task assessment

» Measuring P/R wrt fitness to task
* Requires (explicit or implicit) task specification
* Three approaches
» Service specification
* Profile- or process-model of an application functionality

* Could miss the relevant social aspects of competency
(task = application) ---> The Oracle HR schema example

» (Gold-standard-solution-based

» Take a validated corpus of answers for the task, and check the
performance of an ontology-driven system to those answers (cf.
[Porzel et al. 2004])

» EXxplicit-task-based

» Task specification must include reference to domain ontology
(combines with topic assessment), and can be generic

» Competency questions [Gruninger et al. 1996], WSMO [Vasiliu et
al. 2004], COS [Oberle et al. 2004] are examples of specification
frameworks for tasks

» Match ontology to task specification
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The Oracle HR schema in OWL (application-oriented)

hrJOB HISTORY

hrENF DETAILS VIEW

jobhDEPARTIVIENT 1D

hr DFPAR TMENTS
depsLOCATION ID* (deps MANAGER, [D* pDEPARTMENT ID*
hr LOCATIONS hr FMPLOYEES pMANACER_ID*
oc:COUNTRY ID* pJOB_ID*
W
hr COUNTRIES

couREGION ID*
¥

hFEGIONG

obh ERMFLOYEE D*

obhe OB ID*

hrJOBS

But 40 datatype properties more! (not visualized here): Should an ontology be evaluated also against foreign keys?
This reversely-engineered ontology catches the intended meaning underlying the HR application
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The Oracle HR schema in OWL (task-oriented)

p3:EMPLOYEE_EMAIL*

p4:EMAIL

p3:EMPLOYEE_MANAGER*

pS:EMPLOYEE

p6:Monetary-Unit

p8:EMPLOYEE_JOB_HISTORY* | p5:JOB

p8:JOB_EXTENSION*
LY

jsa | p5S:JOB_HISTORY

:EMPLOYEE_JOB*

(@)B_TIME_SPEN’I‘_IN_DEPARTMENT*

p5:DEPARTMENT

p4MANAGER

p7:LOCATION_COUNTRY*

p3:COUNTRY p4:STREET_ADDRESS

pl0:COUNTRY_REGION*
Y

pS:REGION

pl1:DEPARTMENT_MANAGER*

p5:LOCATION

p7:LOCATION_STREET_ADDRESS *\Q.i&TION_PROVINCE*

3:EMPLOYEE_DEPARTMENT*

sa

11:DEPARTMENT_LOCATION*

pS:EMPLOYEE_AS_VIEW

T:LOCATION_CITY* ~p2:EMPLOYEE_PROVINCE*

p4:STATE-PROVINCE p4:CITY

Other properties are conveyed by means of restrictions (not visualized here).
This reversely-engineered ontology catches the intended meaning underlying the HR task
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Topic assessment

« Measuring P/R wrt fithess to existing information
realizations

* Requires enrichment of ontology with information
objects that can be matched against information
realizations (e.g. lexical occurrences in texts)

* Three approaches

* Choose directory and annotate: operated on a
subject directory by annotating the ontology with a
subject label: it’s a black-box technique

* Reengineer and match: operated on metadata
repositories, such as terminologies, informal
diagrams, DB and OO schemas, etc.

o Extract and match: operated on data repositories,
such as linguistic or image corpora, databases, by
extracting information patterns and matching them to
ontology graph
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Methodologies

 Reengineer and match

Reengineering is based on best practices (e.g. thesauri to OWL),
formal translations (e.g. FOL to OWL), and a lot of customization

Once reengineered, a source can be either imported or mapped:
the degree of difficulty in devising such activities provides P/R
measures of the ontology

A more directed measure can be obtained by considering the
source as a gold-standard-model (cf. [Maedche&Staab 2002])

o Extract and match

=

Extraction is based mostly on learning techniques

Matching is controversial, because it depends on the way data are
parsed; e.g. a same text can be parsed in different ways, thus
obtaining different patterns

E.g. in NLP, parsing terms (how complex?) vs. syntactic structures
E.g. parsing statistically vs. rule-based

An experiment with statistical parsing of syntactic patterns is
[Ciaramita et al. 2005]. Other work in e.g. [Brewster et al. 2004].
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Modularity assessment

* Measuring P/R wrt fithess to existing reusable
ontologies
* Requires (one or more) libraries of ontologies, with
iIndications of their provenance, specificity, application
history, etc. (cf. also usability)

 Depends on topic assessment: what theories are
needed? [Fernandez-Lopez et al. 2004]

e But also depends on task assessment: how much of
a reusable theory is needed? (inherent circularity)

e Partial matching also possible through content design
patterns [Gangemi 2005]

o Examples of modularization architectures with reference
ontologies, which allow to factorize ontology projects, as
well as their quality assessment
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Vision-based vs. topic-based modules

e Modules could be organized along two dimensions:

 visions, related to basic choices made (e.g. wrt temporal, spatial,
identity, information theories)

» specificity, related to domain stratification of topics (e.g. foundational,
legal, bank in a project for the management of banking regulations)

Choose Vision

I[u] >
.......................... Mappings between
4D IJ@ Visions/Modules
----------- ! F and Lexicons

WIE] S o
— Foundational ZZ =
Choose / [~

A\

A

Formal Links

L7 Between Visions
and Modules

Specificity gl

Bank

Single Module Single Vision
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In an ontology for historical works of art,
domain ontologies define a vocabulary that
is typically stratified in foundational, core,

and domain layers

Foundational ontology (domain-independent)

{Obiject, Process, Part, Time, Location, Representation, Plan, ...}

inherits from

Core ontology (specific-domain-independent)

{Work of art, Painting technique, Author, Artistic period, Plastic art, Interpretation, ...}

inherits from

Domain ontology

{Sculpture,Restoration, Mythical being, Caryatid, Doric order, Armilla, Fresco, ...}




Stratification in practice:
a library for the Fishery Ontology Service

Biological entities
Continental and water areas
Ecosystems

Techniques (capture, culture)

The “toyhouse”.
In realistic projects, stratification is usually
less ‘pristine’. Domain modules often

contain bits and pieces of other domains

L Fisher' dO ain Vessels and gears
(®AZ el el Uy I W=y, doLe Y A Resources, stocks, and management

OﬂTOlOQiZS - Commodities and commercialization
"roof" and "floors

/

requiring the reuse of general purpose

ontologies like OntoWordNet. "
« Institutions

OntoWordNet
fragments -
“posts”

Fishery core
ontology -
“walls”

\

DOLCE foundational
ontology - "ground”
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Evaluation - 3
Usability evaluation -
Recognition, Efficiency and Interfacing

‘
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A semiotic perspective: the pragmatic aspect
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Recognition

e Annotations about the ontology structure

Graph measures
Logic-type and computational complexity
Modularization (e.g. owl:imports)

e Annotations about the ontology function

Lexical annotation of ontology elements (incl. multilingual)
Glosses (e.g. rdfs:comment)

Task Amount, completeness, and

_ reliability of annotations are usability
Topic (e.g. rdf:about) measures ranging on recognition
Modularization design T Ol

e Annotations about the ontology lifecycle

Use-case-related

Methods employed

Provenance and Trust rating
Versioning (e.g. owl:versioninfo)

Customer satisfaction (e.g. http://smi-protege.stanford.edu:8080/
KnowledgeZone/)
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Economic efficiency

e Annotations (either on the overall ontology, or on
ontology elements) about the organizational design of a
modularized ontology, and about the middleware that
allows its deployment

e Annotations about the commercial (trading, pricing) and
legal (policy, disclaimer) semantics

e Annotations about the application history -with reference
to development effort (task- or topic-specificity applied to
a token scenario) of an ontology

Presence, completeness, and
reliability of annotations are usability
measures ranging on efficiency
annotations.
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Interfacing

e The interfacing level concerns the process of matching an
ontology to a user interface.

e As far as evaluation is concerned, we are only interested in
the case when an ontology includes annotations to
interfacing operations.

Presence, completeness, and
reliability of annotations are usability
measures ranging on interface
annotations.

©
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Validation -
Principles, parameters, and preferential ordering

‘
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Some principles for ontology quality

« Cognitive ergonomics

« Transparency (explicitness of organizing principles)
« Computational integrity and efficiency

» Flexibility (context-boundedness)

« Compliance to expertise

« Compliance to procedures for extension, integration, adaptation,
etc.

» Accessibility (computational as well as commercial)
» Cost-effectiveness

Faster-Better-Cheaper

——

l@ ]I SSSW2005, Cercedilla, 12 July 2005



Parameters on measures, constrained by principles (examples)

©

Cognitive ergonomics: -depth, -breadth, -tangledness, +class/

property ratio, +annotations (esp. lexical, glosses, topic),
-anonymous classes, +interfacing, +patterns

Transparency: +modularity, +axiom/class ratio, +(dense)patterns,

+specific differences, +partitioning, +accuracy, +complexity,
+anonymous classes, +modularization design

Computational integrity and efficiency: +logical consistency,

+disjointness ratio, -tangledness, -restrictions, -cycles
Flexibility: +modularity, +partitioning, +context-boundedness
Compliance to expertise: +precision, + recall, +accuracy

Compliance to procedures for extension, integration, adaptation,
etc.: +accuracy(?), +linguistic adequacy, +modularity,
+annotations, -tangledness(?) ... see also transparency

Cost-effectiveness: +applicability, +cost measure, +customer
satisfaction
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Preferential ordering and trade-oft

Due to partly mutual independence of principles, an ontology
project should explicitly define its own preferential ordering of
quality parameters

Based on resources, expertise, business relations, available
tools, etc.

Preferential ordering typically arises when a trade-off is needed

Trade-offs are needed when two or more principles should be
composed

OntoMetric [Lozano-Tello et al. 2004] is an example of a tool that
supports measurement based on a preferential ordering

Ongoing work on defining preferential orderings over typical
(generic) use cases and trade-offs
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An example: patterns vs. cycles

Transparency and compliance to expertise principles usually
require dense content ontology patterns (cf. Gangemi, 2005),
Involving hub nodes (cf. Noy, 2004)

Hubs usually need the definition of sets of (usually existential)
axioms that induce complex (in)direct cycles

Computational efficiency principle requires a low rate of cycles
(cf. also Berardi et al., 2001 for the complexity of DL ports of UML models)
Therefore, a trade-off is needed, often leading to tuning practices
e.g. involving generalization over restrictions, or even
suppression of a restriction when a similar inverse one exists

---> An example in legal ontologies
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requisiteFor

ViolationParameter defines 1
il LimitViolation
I dlzedBy 1%
Leqgal Role Legal Task
target fSsarhy 1t
1
clazsifies clazsifiedBy clazsifies conformsTo
s Legal Control System |1 --f:uartin::ipar‘d Action o
1 ?U___, T sefting <.l ViolationCase
* z
Value Region {j + | setting =
zetting
Class(LimitViolation partial restriction(defines someValuesFrom( )
Class( partial restriction(classifies someValuesFrom( )))
Class( partial restriction(observedBy allValuesFrom( )))
Class( partial restriction(classifiedBy someValuesFrom( )))
Class( partial restriction(d-used-by someValuesFrom(LimitViolation)))
Class(LimitViolation partial restriction(defines someValuesFrom( )
Class( partial restriction(classifies someValuesFrom( )))
ik Class( partial restriction(observedBy allValuesFrom(ControlSystem)))
Ik Class( partial restriction(classifiedBy allValuesFrom(Role)))

Class( partial restriction(d-used-by someValuesFrom(LimitViolation)))




Compliance to % Which principle/parameter should get a higher rank?
expertise, explicitness

Computational efficiency Limit-violation-ontology diagnosis

Quality-oriented ontology description

< rdering functio

cefines 4

requires

v requires
Pattern density

-

Quality parameter Ontology element role [ +| Ontology element task

v
Low complexity

clgssifies » has_requisite - - e
ssif clazsifies classifies classifies satiztied_ky
clgssifies
1.4 has_attribute
Restriction hubs Value space Ontology element Ontology-driven process
s
Low-rate of cycles
induces g # I 1.7
i zetting_for

Ontology intended use situation

High-rate of cycles

Limit-violation usage situation



Conclusions

Thanks to too many people (see references for a sample)

and look:

There is nothing so practical as a good theory
(Ludwig Boltzmann, 1844-1906)
Thanks!
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