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Sharing data can be a good thing* (even in Ecology)

Data from observations and experiments remains at
the core of Ecological research, but ...

Open access and synthesis can increase the value
of data

— broader perspective than possible from a single study

— reveal important regional and global patterns (and even
new theories)

— data can be re-purposed, beyond the original
Intent of collection (recycling!)

* see Bioinformatics




“One-world” scenarios

Specific Project

Scientific Question(s)

Experiment Design

Experiment Experiment

Collected Data

.. LTER project ABC

.. Plant Productivity

.. Nitrogen Fertilization over specific plots

.. Different times, plots, samples, etc.

The database designs (tables) are
typically uniform



“Multi-world” scenarios (challenges)

Specific Project Specific Project Specific Project

Scientific Question(s) Scientific Question(s) Scientific Question(s)

Experiment Design Experiment Design Experiment Design

Experiment E:-:per-i ment

project x project y project z

Across projects (even experiments), different ...

— assumptions, scientific questions, standards (protocols, species,
landscape, etc.), and data structure & semantics (schema)

The increasing emphasis on broad, synthetic studies
underlines the need for greater coordination among
scientists in documenting and archiving their data



Data Discovery

You want to do a large-scale, cross-site Ecological
analysis

— questions are typically based on an intuitive notion of
what data is available

— relying on ad hoc and inefficient data-discovery
approaches ... “social networks” or known work reported
In the literature

 An Initial challenge for data integration is
simply determining what data is “out there”




Data Integration

Once relevant data is found, now ... integration

Some issues In data integration:

 What should the integrated product look like?

What is actually in the found datasets?

How do the datasets conceptually relate?

How to map each dataset to the integrated product?

How to carry out the mappings?

How to validate and document the decisions and process?

Federated databases (CS)

— An integrated data warehouse/repository
— Common, integrated schema |

— Issues often more challenging, e.g.,
no control of target schema

e



Digression: Up-front Data Design

Design Processes

— Significant (and successful) software and engineering
projects employ formal design processes .

— Well-known processes exist for database design
— Typically go from conceptual to concrete

Why use a design process for scientific data?

— Leads to “better” table designs (e.g., normalized)
— Identify potential problems early

— Help factor out unneeded information

— Design “for change”

— Leads to better documented projects

— Integration later can be easier

— Help organize project data and artifacts

— Opportunities for automation (tools)

We won’t say much about different processes ...

Specific Project

Scientific Question(s)

Experiment Design

Experiment Experiment
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What is an “Ontology”?

A vocabulary of important terms:

— Terms are surrogates for concepts
— Terms related to other terms (a “network”)

— For the purpose of “defining” concepts

Captures assumptions, current knowledge, and
“theories” for a domain

For classifying and relating things .

May be abstract or highly specialized




Why Ontologies?

When we look at a dataset, we are only seeing part
of the story ...

— How was the data collected?

— What is assumed about the “variables” (attributes)?
— How are variables related (dependencies)?

— What is the scope and context of the dataset?

 Metadata is meant to capture this (and more) ...

... but usually uses informal terms and descriptions
that can be ambiguous



Looking Ahead

Why consider ontologies?*

Formal Metadata: metadata values, annotating data
Data Discovery: “structured” searching

Data integration: merging, uniform querying
Data/Analysis Design: high-level to implementation
Checking Assumptions: consistent “domain model”?

And especially: Automation!

* Or conceptual modeling in general ...



“Informal” Ontologies

List of terms (controlled vocabulary)
— Natural language definitions (glossary)

List of terms and relationships (thesaurus)
e synonyms
e antonyms
e related terms
e broader-narrower

E.g., see the NBIl Thesaurus
(http://[thesaurus.nbii.goVv/)



http://thesaurus.nbii.gov/

Thesaurus Example

term.._

Sense .

N
N
N
~
2\

<
<

-
Y

productivity

NOUN: 1. The quality of being efficient: efficiency. See INDUSTRIOUS, THRIVE. 2.
The quality or state of being fertile: fecundity, fertility, fruitfulness, N

productiveness, prolificacy, prolificness, richness. See RICH.

N

synonyms

category headword

A\

AN
'
'
'

-

rich

noun
fertility
fortune (2)
plenty

prosperity
riches

category index

sense



“Formal” Ontologies

* Very similar to thesauri* .... Except:

— Less on (superficially) relating meanings
 Terms A and B mean similar things (related)
 Where “related” is imprecise

— More on capturing (focused) meanings
e Every A is composed of one B and multiple C’s
* Theorizing about the real-world or a system

* In fact, Z39.19 is quite formal and “ontological”



“Formal” Ontologies

— Definitions are precise (set-based)

e Can make ontologies easier to define than thesauri (not as many
combinations, but still a lot)

e Requires a clear understanding of the domain

productivity

NOUN: ) -efficiency. See INDUSTRIOUS, THRIVE. 2.
The quality or state of being fertile: t§cundity, fertility, fruitfulness,

] iTicness, richness. See RICH.




Basic Ontology Building Blocks

Classes (concepts)

— A collection of objects that share certain
characteristics (“if it looks like a duck ...”)

— Assigned names (symbols)

Subsumption (is-a)
— “A subsumes B” means every B object an A object
(... Bis a subclass of A)

— Additional characteristics; more restrictions

Properties (has-a / part-of)
— Represent a characteristic
— Assigned names (symbols)
— e.g., has Wings, has-color Yellow



Tip 1: Classes versus Names

Classes represent concepts, not their names

— Although, the name typically reflects the concept ... and
partially helps to define it

— The class name can change, but still refer to the same
concept

— Synonyms for the same concept are not different classes

Common problems:
* The system uses the structure, not the names ...

* But people often “overload” names with implicit meaning
[Rogers; CO-ODE]



Tip 2: Subsumption Is not instantiation (membership)

Species — If A subsumes B, then every B is an A
[ IS-a — Every human, in this case, must also be
Human a species
T Instance ) . _
— But “John” is not a species

John

man ohn

[Guarino]



Tip 3: Subsumption is not part-of

Car The difference between subsumption and part-of
: can be tricky ...
is-a M-a
Engine Wheel — What are essential properties of Cars?

* E.g., that they accommodate people?

— Are these also essential for Engines?

[Guarino]



Tip 4: Subsumption is not disjunction

only have — “Car Part” is an artificial concept to
Car > Car Part denote all car parts (engines, doors,
is-Ws—a etc.) using subsumption
Engine Wheel — The introduction of artificial classes in

this way can lead to problems:

* |s every engine necessarily a car part?
 E.g., someone may use it in an airplane

[Guarino]



Tip 5: Subsumption is not cross-classification

— We want say that there are small red
Blue Red things and small blue things

1 Is-a t is-a
| | | | » But Blue and Red subsume Small
Large Small Large Small

e So, all Small things are both Blue and
Red

— Color and Size are unrelated
(independent) classifications

@ Red _ Small

4 is-a ¢
|
SmallRed
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How do we build ontologies?

First, we have to answer some important questions:

What is the purpose of the ontology?
» For capturing a particular use of terms, knowledge, a theory, ...

What is the scope of the ontology?
 What is the target domain, what is not included, ...

How will input knowledge be acquired?
 \Who will build it, what sources will be used, ...

How will the ontology be evaluated?
 How will we know it is correct, complete, ...



How do we build ontologies?

General stages of ontology development

Requirements: Typically, prose describing what it should contain, what
guestions it should answer (scope)

Conceptualization: Informally define domain concepts and basic
relationships. Possibly give natural-language definitions.

Formalization: Formalize the conceptualization, defining is-a relations and
*axioms”. Independent of a representation language.

Implementation: Select a representation language and use it to capture
formalization.

Testing: Check consistency, completeness, conciseness. Verify against
requirements and conceptualization.

Documentation: Document stages, assumptions, etc. Each concept and
relationship should have a description

— Application of stages typically iterative, and may involve refactoring
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RDF-like Languages (Semantic Nets)

RDF

The Resource Description Framework (RDF)
— a W3C recommendation (... the makers of HTML)

— An extremely simple model* that consists of individuals
(objects), properties, and values

locatedIn
<o O

Sonoma California

 Individuals and properties are uniquely named
* Properties are directed
* Properties link an individual to another individual or a value

* \We use OWL conventions



RDF Schema

RDF

RDF Schema adds class and property definitions

— A detail: These are actually denoted via special

properties

rdfs:subClassOf .~ . rdfs:subClassOf

& locatedin ... ‘County’ and ‘State’ are classes
< COU”W> '< State > ... 'locatedIn’ is a property from ‘County’ to ‘State’
: : ... 'Sonoma’ is a particular ‘County’

rdf:type rdf:type ... ‘California’ is a particular ‘State’
.. ‘County’ and ‘State’ are both kinds of ‘Region’
<'> locatedin R ¢

Sonoma California

rdfs:subClassOf = is-a
rdf:type = instance



OWL (Web Ontology Language)

OWL

RDFS

RDF

Significantly extends RDF Schema with lots and lots of
constraints on class membership and properties

Class property restrictions
— Constrains the participation of individuals in properties
— For example, min and max cardinality

locatedIn
( County ) 1_1=< State )

... Every ‘County’ is located in at most one ‘State’ (max cardinality = 1)
... Every ‘County’ is located in at least one ‘State’ (min cardinality = 1)

Sometimes we write this 1:1 (meaning min:max) ... but note that
that not all constraints can be conveniently shown graphically




OWL (Web Ontology Language)

Are these correct?

locatedIn

< County } :< State ) Zero or one
0:1
locatedIn .
< County > »( State ) one to five
1:5
locatedIn
( County ) 5 »( State ) two or more
n
locatedIn
( County ) »( State ) any number
m:n



More on constraints

* Given the 1:1 cardinality constraints on locatedIn
for ‘County’, which of the following ‘County’
Individuals is incorrect?

State

County

cl
C4° c2

c3

locatedIn



More on constraints

* Given the 1:1 cardinality constraints on locatedIn
for ‘County’, which of the following ‘County’
Individuals is incorrect?

State

County

cl
C4¢ c2

c3

locatedIn

To be a ‘County’, must have exactly 1 locatedin property to a ‘State’ ...



Exercise: Formalizing wine

An (informal) ontology of wine:

— Wines are potable liquids made by wineries within regions and with
specific vintages

— Wines are characterized by the type of grape they are made with,
their color (white, rose, red), their sugar (dry, offdry, or sweet), their
body (light, medium, full), and their flavor (delicate, moderate,
strong)

— Sauvignon Blanc, Merlot, Pinot Noir, and Riesling are types of wines

[OWL Guide]



Exercise: Formalizing Wines

With a partner, take 10 minutes and try to define a
“formal” ontology for the wine example

— Select two or three concepts
— ldentify some relationships between them
— List any cardinality constraints that exist between them



Other types of OWL constraints

Class property restrictions
— allvaluesFrom (“only”, V locatedIn.State)
— someValuesFrom (“some”, 3 locatedin.State)
— minCardinality (“at least n”, > n)
— maxCardinality (“at most n”, < n)
— Cardinality (“exactly n”, =n)
— hasValue (“equals x”, € x)

o Class expressions (constructors)
— Necessary (=) and sufficient (=) conditions

— Class intersection, union, and complement (constructors)



Examples (Description Logic)

Wine = PotableLiquid L 3 hasColor.{Red, Rose, White}

The class Wine is a sub-class of PotableLiquids that have at least one (exists
one) hasColor property whose values are either Red, Rose, or White

(necessary)

WhiteWine = Wine 11 3hasColor.{White}

WhiteWines are exactly Wines whose color is White (necessary and sufficient)
WhiteBurgandy = WhiteWine 1 Burgandy

The set of WhiteBurgandy wines is a subset of the set of WhiteWines intersected
with Burgandy wines

SauvignonBlanc = WhiteWine 1 =1 madeFromGrape.SauvignonBlancGrape



Digression: “Ontological” questions

(Philosophy) An ontological theory can answer
*ontological” questions

— |Is Merlot a potable liquid?
— Are there wines made of things other than grapes?
— How are Pinot Gris and Pinot Noir related?

— Are there white wines that are dry, full, and strong made
In Napa Valley?

There are more uses of ontologies ...

[Bunge]
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Ontology Engineering

Develop an Ontology
1. Form groups of 3-4 people

2. Use the BEAM project discussed earlier

3. Capture (a part of) an ontology for the project on whiteboard/poster
board as one or more diagrams

» Define the concepts, properties, and constraints

* Try to relate the data sets to your ontology ... how can someone use
your ontology to understand the assumptions behind the experiment
and data sets?
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Protégé

* An open-source, freely available ontology editor

SUBCLASS RELATIONSHIP =]

For Project: @ pizza

% e

Asserted Hierarchy

owl Thing
¥ ComainConcept
& Country
. lceCream
v @ rizza
e CheeseyPizza
e InterestinaPizza
e MestyPizza
» O NamedPizza
e MoV egetarianPizza
e RealtalianPizza
© spicyPizza
) SpicyPizzaEquivalent
© VegetarianPizza
B vegetarianPizzaEquivalent1
e “egetarianPizzaEquivalent2
» @ PizzaBase
v @ PizzaTopping ||
¥ @ CheeseTopping
. CheeseyegetableTopping

. FourCheesesTopping
. GostsCheeseTopping
ﬁ GorgonzolaTopping
@ wozzarellaTopping
@ ParmesanTopping

¥ @ FishTopping
@ anchoviesTopping
. MixedSeafoodTopping

-

] ® &

CLASS EDITOR

For Class:

GorgonzolaTopping

(instance of owl:Class)

rName rs:mel\s rDiffarantFrnm |

| GorgonzolaTopping

rdfs:comment (en)

File Edt Project OWL Code Window Tools  Help
DeE B0 ma OW SH B BE a9r <§pmn§gé
r_.OWLCIasses I Properties r = Forms r‘ Inclividualz r. hietadata |

|G

D e ®
‘ Value | Lang
CoberturaDeGorgonzola — pt

[) Annotations
Property
1 radfs:label

Asszerted | Inferred |

Asserted Conditions

Gdeea

M Froperties 'l L (] ®

. CheeseTopping
9 3 hasSpiciness Mild

MECES3ARY & SUFFICIENT

¥ [W hasSpiciness  (single Spiciness)
€ mile
[=] isToppingOf  (multiple Pizza)

MECESSARY

. ParmesanTopping
. MozzarellaTopping
@ FourCheesesTopping
O GoatsCheeseTopping

) Logic view () Properties view

[CO-ODE]



Class Hierarchy

SUBCLASS RELATIONSHIP

For Project: @ pizza Subsumption hierarchy
Asserted Hierarchy W tg} % d! d&

. awl: Thing

e “egetarianPizzaEguival
p 0 PizzaBase

p 0 PizzaTopping

¥ ) valusPartition

v e Spiciness

) Hot

. Medium

0 il

owl:Thing is the root class [CO-ODE]



Adding Classes

Delete selected Class

SUBCLASS RELATIONSHIP

For Project: @ pizza

Asserted Hierarchy W % dg d&

. awl Thing
¥ 0 DomainConcept
& e Create New (sub) Class
¥ ) Pizza
e CheeseyPizza
e InterestingPizza
e MeatyPizza
> i MamedPizza
) MonvegetarianPizza
) RealtalianPizza
) SpicyPizza
e SpicyPizzaEquivalert
e “egetarianPizza
e “egetarianPizzaEquivalent1
e “egetarianPizzaEquivalent2
p 0 PizzaBase
p 0 PizzaTopping
¥ ) valusPartition
v e Spiciness
) Hot
. Medium

0 il




lass Editor (Tab)

Class annotations (for class metadata)
Class name and documentation

, 7za Protégé 3.1 beta (file:

file EdiWgoect OAL Code Window Tools  Help

NDEeE ANQE wmd <%

=) BE ar % <Qprorégé

= Forms | 4 bclividusls | @ Metedela |
CLASS EDITOR HEET

For Project: @ pizza For Class: ) American  (instance of owlClass) =
. 5 Properties
e T Th e ey o ® AR SameAs | DifferentFrom | o 5 « B
owk Thing [2] [+ PropertyQy | Value [ Lang .
¥ @ DomainConcept rafs lahel Americana pt 1 aval | a b I e N to
& courtry rdfs:commer £
O lceCream
¥ @Pizza
B CheeseyPizza aS S
) InterestingPizza
) MesatyPizza
¥ O Namedrizza
® American Assered | Inferred | Wropertics W O mom @
@ AmericanHot & & ¥ B hasBase (single PizzaBas
(single PizzaBase)
Asserted Conditions L]
@ cajun b PizzaBase [from Pizza] L =
.C MECESSARY & SUFFICIENT
apricciosa wecessany | |||V B hasTopping  (multiple Pi sping)
@ caprina @ Hamedpiz=a 9 MozzarellaTopping U PepsroniSausage
@ Fiorertina & ¥ hasTopping (MozzarelaTopping L PeperoniSausageTopping L E) MozzarellaTopping -
@ FourSeasens ) 3 hasTopping MozzarellaTopping ©) TomateTopping WI d et
@ FuuttiDibtare €) 3 hasTopping TomateTopping ) PeperonisausageTopping
® Girdinera 1| |E) 3 hasTopping PeperoniSausageTopping
. i INHERITED
aReine 3 hasBase PizzaBase [from Pi
@ Wargherita
1] I [»
@ Mushroom
Mapoletana
@ ap @D pisjoints (] ®iaag
@ Parmense
@ caprina -
@ Polloadastra @ cuattroFormaggi
@ FrinceCarlo @ UnclosedPizza
@ QuattroFormaggi @ capricciosa
@ Rosa @ LaReine
) (! armense
O siciliana = & 5 ineeriond -
H & = ol (®) Logic View (! Properties View

Conditions Widget
Class-specific tools (find usage etc)

[CO-ODE]



Saving OWL Files

OWL = easy to make mistakes = save reqgularly

g

1.

Select File = Save Project As
A dialog (as shown) will pop up

Y e@

b -

Select a file directly by clicking the button on the top right

You will notice that 2 files are created
.pprj — the project file
this just stores information about the GUI
and the workspace

.owl —the OWL file

this is where your ontology is stored in
RDF/OWL format

Select OK

OWL Files X

%
Project L]

‘ ChPratege_3.0_betaWyOrtologies firstFewClasses |

+
OWL file name L]

‘ firstFewwClasses.owl |

Language
| RDF 1ML ABEREY |

| 0K | | }(_Canc:el |

[CO-ODE]




Loading OWL Files

-
Create New Project @

Creste fram Existing Sources

1. If you only have an OWL

Select a Project Type:

fl Ie - Protége Files (pont and pins)
) Protégé Database
- 1 i OWL Database
FI I e 9 N eW PrOJ eCt WL Files (.owl or redf)
- Select OWL Files as the type
- Tick Create from existing sources hext ~

- Next to select the .owl file

2. If you've got a valid project file*:
- File = Open Project
- select the .pprj file

* e one created on this version of Protégé - the s/w gets updated once every few
days, so don’t count on it unless you've created it recently— safest to build from
the .owl file if in doubt

[CO-ODE]



Viewing the Hierarchy Graphically (OWLViz)

Configure file:/C:/Nick/Words/Tutorials/internal Training-2004/0WL... |X|

Tah Widgets ﬁ

Tabs
visiole | Tab Widget

O ClsesTab
CWLPropertiesTal
FormsTal
OWLindivicualsTalb
OWLMetadataTal
[ cClsesAndinstancesTalb
[ ClsesTah

[KAToolTah
BVl
dellesTal
RDQLTah

SlotsTab

| oK | | ¥ cancel

Project OWL  Wizards Tools  C

] rﬁ' Archive Current Yersion

. i3 Revert to a Previous Yersion

Metrics...

Encodings...

[CO-ODE]



OWLViz Tab

Show All Classes

|ojalY

( | OWLClagses |/ I Propegts = Forms r & Individuals r & Metadats r&' O iz |

<)

B

=

#

®

As=serted Hierarchy

P
r Azserted Model |/ Inferrs Show all clazzes
CLASS BROWSER

For Project @ pizza

owl: Thirng

v . DomainConcept

© Courtry

[CO-ODE]



Relationships In OWL

We can restrict how these Properties are used:
— Globally ... by stating things about the Property itself
— Locally ... by restricting their use for a given Class

OWL Properties
— Object Property ... relates individuals
— Datatype Property ... relates individuals to data
— Annotation Property ... attaching “metadata” to items

[CO-ODE]



Properties Editor (Tab)

_ _
For Project: ® pizzs Note that Properties can be in a

e I IEE/ hierarchy, although we are not going
[ hasCourtry OfOrigin

 resngeien gt to be using this feature today
'- hasTopping «+ i=Toppin
[ hasBase « izsBaseOf
[ hasSpiciness
¥ M izngrediertof - hazlingredisnt
[ isToppingQf +« hasTopping

[ isBaseOf + hasBase
=3 protegeabstract
2 protege: allowedParent
=1 protege: defautLanguage
3 protege: excludedTest
=3 protege: probeClass
=3 protege:readCnly
3 protege: subclassesDisjoint
=1 protege:todoPrefix
3 protege:todoProperty
2 protege;uzedLanguage

| |'| @B

Super properties !p m
[l hasingredient

[CO-ODE]



Creating Properties

“ X@E Hm

Delete Property

New Object Property:
Associates an individual to another individual

not used today:
- New Datatype Property (String, int etc)

- New Annotation Properties for metadata

[CO-ODE]



Globally Restricting a Property

pizza Protégé 3.1 beta  (file:\C:\daks\presentations\seminars\eot06\pizza.pprj, OWL Files (.owl or .rdf))

File  Edit Project OWL Code ‘Window Tools  Help
NEE B0 ud ¢w B B BB ar < protégé

r_. Chil Classes |/- Properties |/ = Forms r‘ Inlitvicluzlz |/ & Metadata |

PROPERTY BROWSER N PROPERTY EDITOR + =1

For Project: @ pizza For Property M pizza_ObjectProperty_4  (instance of owl:ChjectProperty)

M Properties ﬁ Ii> 'E? ﬁ Iﬁ 5] rName rEquivalnnts rSamEAs r[)iffemntme | DAnnotations Eﬁ Q, .
[ pizza_ObjectProperty_4 |U Property “alue | Lang
[ hasCourtryOTorigin

b [ haslngredient «— islnoredisrtOf rdfs:comment (en) &
[ hasSpiciness

b [ isingredientDf - hasingredient

protege:abstract
[ protege:allowedParent

pretege:defautLanguage

protegeexcludedTest

Additional

protege;probeClass

Domain LI d: Q: .- Range w1 d; ﬁ Q: .

protegereadOnly

protege:subclassesDisjoint owk Thing L] Functione C O n Stral n tS
protege-todoPrefix [] InverseFunctional

[ protegetodoProperty [ ] symmetric
proetege;usedlanguage [ Transitive

~

ML \
\

Restrict Domain

Restrict Range




Conditions Widget (Classes) — Local Restriction

Conditions asserted by the ontology engineer
Add different types of condition

& oeea

MECESSARY & SUFFICIEMT

. Pizza _

3 hazTopping CheesaeTopping

Asserted Conditions

Definition

of the class MECESSARY
(late r) Ei 3 hazGreasyness YVeryGreasy
7I INHERITED

3 hasBase PizzaBase [from Pizza]

Description

of the class \

Conditions inherited from superclasses

[CO-ODE]



Condition Types

Create Restriction (next)
Add Named Superclass

Create Class Expression

[CO-ODE]



Creating Restrictions (Class restrictions)

Restricted Property

Create OWLRestriction

P Restriction
A =tricted Property OWLRestriction
[ hasBase : |~ ﬂ allvaluesFrom / Type

[ hasCountryOfOrigin =) someValuesFrom
M hasGreasyness © Ima“‘f“""-fe

. o E cardinality

[ hasingredient E minCardinality

[ hasSpiciness @ maxCardinalty

Fl | Ier M hasTopping
. [ isBaseOf -
Expression skt = \Card inality

| -] e ,
\ - Constraints

FizzaBase

Expression 000 0600 00O &
Construct — T[T & 690 00«

__ Syntax
check
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Protégé Exercise:

 With a partner, take 10 minutes to:

— EXxplore the pizza ontology ...
* Find 2 of your favorite pizzas
* Find 2 “strange” pizzas or toppings

— Add a new topping and named pizza that uses your
topping



Overview

Introduction: Problems in discovery and integration (~10min)
— Exercise: Data integration (~35min)

Ontologies
— Basics (~25min)
— Ontology Engineering (~5min)
— Representation Languages (~30min)
— Exercise: Ontology development (~75min)

» The Protége Editor

— Overview (~15min)
> Exercise: Protégé (~30min)

Using Ontologies (~25min)



Exercise: Using the Protége Editor

* With the same groups you built your ontology with:
— Enter the concept hierarchy
— Enter a few properties

— Enter some cardinality constraints for the concepts

* Note that you may need to make some modifications of your
ontology ...



Overview

Introduction: Problems in discovery and integration (~10min)
— Exercise: Data integration (~35min)

Ontologies
— Basics (~25min)
— Ontology Engineering (~5min)
— Representation Languages (~30min)
— Exercise: Ontology development (~75min)

The Protégé Editor
— Overview (~15min)
— Exercise: Protégé (~30min)

» Using Ontologies (~25min)



Basic uses of ontologies

Ontologies for metadata keywords

{sonoma region, ...}

{cabernet sauvignon, sonoma region, ...}
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Basic uses of ontologies

Ontologies for metadata keywords

Find information about
dry california red wine

/ T~
{sonoma region, ...}

{cabernet sauvignon, sonoma region, ...}

Sonoma County T _'T?;ﬂxpflgﬁrn‘:ﬂr:foﬁ? 2
2| 1 | Alexander Valley | ‘__u_r Sen Francisco
: {medium, red, dry, ...} SN 7= R S .
PR T = | ] | chalk Hil

— e | el
i = = Russian River Wllf‘;l-,l
o 5, PN ani oo N -
::-‘.. = ] t" . mﬁllev _,q Map:
::J Bc;:laga Bay 101
|v6’:.
::; on ta San F

Plain text search finds only the middle page ...



Basic uses of ontologies

Ontologies for metadata keywords

Find information about
dry california red wine

/

{cabernet sauvignon, sonoma region, ...} |

4

e e i e = d - d d
= o = e = - [
{medium, red, dry, ...
G"" - R Q-u. Ir]
o= s i
(2)Quantin
\'-‘,.._.m.,’ QR Quiie}
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13 11
1 ®l
1 i
. i
C
|
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I
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{sonoma region, ...}

Sanoma County -
| Alexander Valley |

Russizn River Wine Aoed |
Apprax. 70 mi. north
of San Francisco

|Dry Creek Valley i
Jry-Lieek val Healdsb
N | Healdsburg

| chalk Hil

© |Russian River Valley |
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« Green Valley
101
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We use the ontology to “expand” the query, e.g., that cabernet
sauvignon is red and dry; sonoma is a region in california




Kepler: Typing Workflow Components

_by_spp_ ~=1olx]
dsdselals|no[s [n[ (o[l _| | Semantic Type Editor is used to assign one or

Quick Search

T e | e

¥ text [ concept

more semantic types to the component or to the
component’s input and output ports. In the simplest
case, a semantic type is a class taken from an
OWL-DL ontology. Multiple types define a conjoined
concept expression.

4 Wiorkflow Components -
#-_ | Directors
—- 4 Actors

[ Mathematical Operations
[ Expression
O ion
| herative Operators
| Random humers
L] Arithmetic
| Discrete
7] Unit Systems
{] Statistics

Ihé population abundance monitoring: Fall 2000 mid-marsh and creekbank infaunal and epifaunal moll

¥ RExpression Actor

- R } ImageJ

Display

)iy Semantic Type Editor x| Semantic Type Editor x|
L] Caleuus
]:tj I(:or«ro:w — An example of using the EcoGrid data access services to access Actor Annctations Actor Port Annotstions I Deler P ETeRD I Actor Port Annotations |
Image Manipulstion
£ ] Grid Functions el et i ELL asishE e e i EHE Inout Ports Output Parts Object Name: Molluse populstion sbundance manitoring: Fail 2000 mic-marsh and creskbark i
5 ] Wb Services LTER site to the LTER Netwark Office, which in turn replicates to the NCEAS P - i P ey - Y ——
5] Getaminig Metacat server and is exposed through the NCEAS EcoGrid Node. Kepler ® tigger - unknown ® Year : {string) - i soree
] Domain Specific retrieves the metadata from the EcoGrid node, parses it to locate and \ # Month < {string} Bl S
| External Execution Envire decipher the data structure and pass the data to the actors in the workflow. # Day o {shrina} ST
1 inputs e ® Ste - {etring) amartic: Types
e " IFitters _"LI This is of varient of the workflow created by Matt Jones. This version uses 'R' ® Ione . {sting} | Ontology. I Class I
rather than a series of Kepler low level actors to calculate averages by species. A 'SEEK Statistics Ontology SamplingDistribution
T Pl g ¥ Sp
resuks Tour 2 ’ -
Note that the EML datasource has been configured to provide the column data as * Sp a} [SEEK Statistics Ontology |BlockedExperimentaiDesign |
an array, thus automatically including information about column lengths. b e T S ) ISEEK Biodiverstty Ontology
# Quadrat_srea :: {double} E
Author: Dan Higgins April 8, 2005 Hepler Actor Ontalogy
Cenerslize Port | Refine Part Remave irtugl Part | SEE Biodiiversity Ortloy
[SEEK Statistics Ontolagy
Semartic Types
3 z| Ontology | Class |
e 'SEEK Bindiversity Ontology [Subplet |
x|
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T:ealmen\ _}ﬁl property range [ e
search H H H 1
e | A simple ontology browser is provided in Kepler to

’:subplntisanabsttattﬁlﬁatisl location that covers exactly ﬂ i navigate a Classified OWL_DL OntOlOgy_ Classes Can be
. searched for and selected as a semantic type.

ne population and one species. Subplots are defined for

experinental purposes. =




Kepler: More on Semantic Annotation

Semantic Type Editor

o Actor-level and port-level

| Actor Annatations | Actor Port Annatations |

annotations
Create New Composite Port
[ TR— | 2 dou « Annotations are stored in actor’s
s g s MoML definition (as new
Paitim i e " “semantic type” properties)
- _— - Creation of composite ports
(l.e., “virtual” ports grouping a set
of underlying ports)
creste | [ Cancel .
) * Regular and composite ports
N may have multiple annotations
S:;Z?I:DL:}CS Ortology Property (CO nJ u n Ctl O n)
* Annotations can be drawn from
multiple ontologies
Lem JLe=J | o More stuff in the works ...

An annotated composite port



Kepler: Checking Type Constraints

TR S S T =loix] Kepler can statically perform semantic and
B ERENIRRRERRED structural type checking of connections. A type

M e | e port connections as well as known type conflicts before
workflow execution.

[ text | concept

ctrs | el SO Droctr = . checker allows the user to see potentially mismatched

4 Workflow Components =
| Diractars N P ol N "
523 Actors II population abundance monitoring: Fall 2000 mid-marsh and creekbank infaunal and epifaunal moll - =T ——— Type Checker
-4 Mathematical Operatiors b RExpression Actor
[ Expression : ¥ R JIEgE] - Channels
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j is;:ﬂg_"‘“m“’s Unzafe Channels: Patertially Unzafe Channels:
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I biscrete Cutput Port It Part Ctput Port Input Part
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& S:mm‘i'c:ms ‘WMollusc population abundance . 'RExpression Actor output Dizplay input
g 'RExpression Actor' graphicsFil... Imaged input
Caleul - -
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L ) image Manlpuistion An example of using the EcoGrid data access services to access *
L& Grimem:ns an ecological data set. The EML metadata are harvested from the GCE
b ) Wish Servines LTER site to the LTER Network Office, which in turn replicates to the NCEAS
#-("] Datamining Metacat server and is exposed through the NCEAS EcoGrid Node. Kepler
-] Domain Specific retrieves the metadata from the EcoGrid node, parses it to locate and
£ | External Execution Envirc decipher the data structure and pass the data to the actors in the workflow.
-] Inputs l )
: £ 1 Fillers _’lll This is of varient of the workflow created by Matt Jones. This version uses 'R’ Structural Types
D—l—lresm pr rather than a series of Kepler low level actors to calculate averages by species. channel status  outaut it
= Note that the EML datasource has been configured to provide the column data as H i
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":LT_‘ Author: Dan Higgins Apri 8, 2005
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Inzert Adapters | Cloze |

' The user can navigate the unsafe and potentially unsafe channels
. using the Kepler Type Checker dialog. When a channel is selected: (a) it is
. highlighted on the canvas, (b) the structural type and status is shown :
(here, the channel is structurally well typed), and (c) the semantic type
' and status is shown (here, the connection produce a semantic type error).



Kepler: Searching for Actors

* Ontology-based actor organization / browsing

e Customizable libraries based on ontologies
» Text search with concept-based expansion

F& file:/ C:fworkflows [avg_by_spp_Rml

Flle Yew Edt Graph Debug Help

|efac/@la|@p|n[@|s|m b |so] ¢

actors | pata |

F8lfile:/ C:/ workflows/avg_by_spp_Rxml
File Wiew Edt Graph Dshug Help

oo | re | ||| @[] b [ 00] @] [pm i[> 15 [25] @

=4 Workflow Components
4 Actars

EH 4 Inputs:
4 Exernal

=] crb Image Source

[ EML 2 Dataset

—{®] Fie Fetcher
@] URL To Local File

i | Datsbase

] External Execution Envirorments

actors | peta |

F&file: kflows/avg_by_spp_Rxml
Graph Debug Help

| a]e|@|a|E| b | 10| @] | [9]e ||| @]
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T orb wavetorm Source

—{B=] crh Packet Okject Source

4 Search Results
=4 Workflow Components
H Actors
-4 Image Manipulstion

[B=] image Display

—_4 Domain Specific
B0

=] orb Image Source

=4 InpLts

-4 External

Oty linage Source
-4 Readers

4 Search ResLits
-4 Warkflow Components
A Actors

SDF Director

RExpression Actor

Display

{E]

[E4EN}

Users can discover
ImageJ using various
search terms. Here,
ImageJ shows up in
multiple tree locations
based on its given
annotations. The library
search permits text-
based matching against
the component’s
metadata (its given
name and certain
properties), expanded
with concept matches.



Kepler: More advanced ontology searching

F¥ file:/ C:/workflows/avg_by_spp_Raml =101 x|
File “iew Edit Graph Debug Help

Kepler provides a more advanced

1 1
1 1
1 1
N ERNE R ! : :
i - . ontology-based search mechanism. |
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Kepler: Automating On-the-fly Merge

F:!_I file:/C:/kepler_dev/kepler/workflows/test/MergeActorTest.xml

File Wiew Edit Graph Debug  Hel

aa@aaPNOPREEOD e

Actors ‘E‘
knb-ljgr-gce-190-6
ccccccccccc
N = g::
e |

[~

"! file:/C:/kepler_dev/kepler/workflows/test/MergeActorTest.xml
File View Edit Graph Debug Hel

Q@A D PNOPREDOL e

AAAAA |Data‘
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« Select datasets (or actors) of

Interest

Connect desired merge
attributes to the merge actor

Select “compute merge™.
— Aligns attributes via annotations

— Dialog for user refinement (not
shown)

— Stores merge “mapping” as
configured actor (via new
MoML properties) ... and is
then executable



Simple example of Merge
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Kepler: Using Merge

SDF Director
3L, Pu
= A2 output
S t bu
Merge Actor
H merge ™ g
b 23 {
[ 3
E3

__________________________________________

Here are four “data sources” we want to merge

— These are just constant actors to keep things simple
— One is a composite

. — Any actor can be used, including EML datasets ;
L I_________________________________________J




More on the Merge Actor

SDF Director

Merge Actor

5 merge

- We first connect the actor output
. ports we want to merge ...

... to the input port of the merge actor




More on the Merge Actor

SDF Director

We then select the compute
- merge menu item for the
merge actor

Merge Actor

B Me rge Configure Ckrl4+-E

Cuskomize Mame

et Documentation
Mave ko First (hack)

Move to last (fronk)

Edit Semantic Tyvpe. ..
Create KAR fram ackar,.,
Configure Ports
Configure Uniks

Save Ackor In Library
Lisken to Actor

Set Breakpoints

Conwvert to Class

Compuke Merge

Edit Merge Mapping
Loak Inside _Cnmpute i

Edit Custom Icon

Remove Custom Icon




More on the Merge Actor

SDF Director ' The merge actor creates a set of
. target output ports

In this case, because no semantic
. types are given, a target output
port is created for each actor port




More on the Merge Actor

SDF Director

displayl

displayZ

display3
t :l_E, =

displayd

___________________________________

'We connect disp

________________________________

lays for each

of the target output ports




More on the Merge Actor

SDF Director |

_________________________________________

display1 And execute it ...

displayZ

A CEX A C)E)X

File  Help Fil=  Help

Each row is one ——
output of merge;

Zero values

denote null




More on the Merge Actor

SDF Director

Merge Actor

merge |

After computing a merge, we can
. also edit the resulting mappings
from actor output ports to target

ports ...

Configure

Custornize Narme

Gk Dacumentation
Mewve ta first (back)
Move ko last (Front)
Edit Sermantic Type. .,
Create KAR fram ackar, .,
Configure Ports
Configure Uniks

Save Actar In Library
Listen to Ackor

Set Breakpoints
Convert to Class
Compute Mearge

Edit Merge Mappings
Look Inside Chrl+L

Edit Custom Icon
Remave Custom [con

Chrl+E




More on the Merge Actor

SDF Director

Merge Actor

L merge

1. Navigated 5
2. Semantically Annotated (targets)
3. Refined

Compute Merge Results

Input-Cutput Mapping
merge input ports

merge output ports

Fa Yot |
L Moot # target2
& output2 & targetl
1B # targetd
® output
(i C
® output
Refine Mappings | | Prune Output Ports | | &dd Output Port
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Function Output Port
Output Port Semantic Type
Ortology Clazs
Browse ] [ Add ] l Remaoe ]

[ Coammit ] [ Cancel ]
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More on the Merge Actor

Compute Merge Results Compute Merge Results

~ Ihput-Cutput Mapping ~ Input-Cutput Mapping
merge input ports merge output ports merge input potts merge output potts
= W o« e ® target!
* # target2 ® output # target2
# output2 # target3 # output2 T
= & targetd ] W/ # targetd
& output L ]
i L Eac
& output & output
| Refine Mappings | | Prune output Ports | | dd output Port | Refine tappings | [ Prune Output Ports | | Add Output Port
' Navigation: | em=T Navigation:
i : Function |
' 1. Selecting a merge input § ' 2. Selecting a target output port
| port (actor output port) : S highlights corresponding
highlights corresponding - ouippor 53 merge input ports

target ports

Broweze ] [ Aol ] [ Remove ]

’ Carmmit ] [ Cancel l

—
Ortology :
1
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More on the Merge Actor

Compute Merge Results

Refine Input-Output Mappings

— Input-Output Mapping

merge input ports merge output ports
Source Actor

i
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& output2
Source Actor Port LB
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Cutput Port Target I—>
target
targets |:|
argetd Refine Mappings | | Prune Output Ports | | el Output Port
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Function Output Port
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[ Ok ] [ Cancel

— Output Port Semantic Type

_________________________________________________________________

input, “pruned” (not shown)

Mappings can be further refined ... ]| ot Class
New targets can be added and “dangling”
targets, i.e., targets without an associated |
1 Browrse A Femove

Cammit ] [ Cancel




More on the Merge Actor

SDF Director l ________________________________

display’ - And the result can be
= ~ executed ...

displayz [

t::_g display3
[

displayd

e =) 9 e (=]

Fil=  Help File Help




More on the Merge Actor

SDF Director Semantic Type Editor

Actor Snnotations | Actor Part &Annotstions |

Input Ports: Output Ports:
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# output2 o double

[ Create Composite Port ] Remove Composite Part

Semantic Types

Ortology Clasz
=EEK Field Ohzervation COntology |Eii0mass

Browse l [ Al ] [ Remaove

Semantic Links

If actor ports are semantically
annotated ... merge can use
them to create “better” initial
mappings

_________________________________________________________________

Range Port Ontology Property

Commit ] [ Cloze ]




More on the Merge Actor

SDF Director

Biomass

Productivity

o
-
-
-

Configure Ckrl+E
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Maove ko First (back) Cover
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Save Actor In Library
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Edit Merge Mappind
Loak. Inside _Cnmpute HEREE

Edit Custom Icon

E.g., assuming the above
- annotations ... |

Rermove Custom Icon




More on the Merge Actor

SDF Director

> 4
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A -

Merge Actor

L merge t

merge computes the
~ mappings .

Compute Merge Results
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merge input ports
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More on the Merge Actor

SDF Director

@
’I
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displayl
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File  Help

And when executed
~ produces ...
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