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Ontology

Definition of ontology

« Neches, 1991,
An ontology defiens the basic terms and relations comprising the vocabulary of a topic area
as well as the rules for combining terms and relations to define extensions to the vacabulary.”

* Gruber, 1993,
An ontology is an explicit specification of a conceptualization.”

« Borst, 1997,
“Ontologies are defined as a formal specification of a shared conceptualization.”

« Studer et al,, 1998
‘a formal, explicit specification of a shared conceptualization”



ontology should be machine-readable.

.Gt dor ot ol
formal



Means that the type of concepts used, and the restrictions
on their use are explicitly defined.

explicit



consensual knowledge, that is, it is not the privilege of some
individual, but accepted by a group.

shared



an abstract model of some phenomenon in the
world by having identified the relevant concepts of
that phenomenon

—
conceptualization



Ontology

Component of ontology

« C(lass ( = concepts)
- Describe concepts in the domain. (Ex, a class of wines represents all wines)
- Specific wines are instances of this class.
- A class can have subclass (Ex, red wines, white wines, rese wines ...)

« Slot ( = roles or properties)
- Describe of classes and instances
- Chateau Lafite Rothschild Pauillac’wine has a full body
- Chateau Lafite Rothschild Pauillac’wine produced by the ‘Chateau Lafite Rothschild’ winery.
- Body: full, maker: Chateau Lafite Rothschild’ winery

e Restrictions (= facets)
- Constraints applied to slots.
- (Ex, the maker slot must have exactly one instances of the class winery — minCardinality=1

* Instances
- Concrete examples of a class.



Ontology

Bordeaux

instance_of o
best_wineries

Chateau Lafite
Rotschild

instance_of maker

Produces

Chateau Lafite

Rotschild Pauillac > : Class

> Instance

— " : Property (Slot)




Knowledge-Enginerring Methodology

Determine the domatin and scope of the ontology

« What is the domain that the ontology will cover?
« For what we are going to use the ontology?
« For what types of questions the information in the ontology should provide answers?

« Who will use and maintain the ontology?



Knowledge-Enginerring Methodology

Determine the domatin and scope of the ontology

« What is the domain that the ontology will cover? : wine and food



Knowledge-Enginerring Methodology

Determine the domatin and scope of the ontology

« For what we are going to use the ontology? : suggest good combinations of wines and food.



Knowledge-Enginerring Methodology

Determine the domatin and scope of the ontology

« For what types of questions the information in the ontology should provide answers?? :

1. What wine characteristics should |
consider when choosing a wine?

2. Is Bordeaux a red or white wine?

3. Does Cabernet Sauvignon go well
with seafood?

4. What is the best choice of wine for
grilled meat? ...

1) Competency question
Gruninger, Fox 1995, “Methodology for the Design and Evaluation of Ontologies”



Knowledge-Enginerring Methodology

Determine the domatin and scope of the ontology

« Who will use and maintain the ontology? :

Users: restaurant customers, wine recommendation
systems, NLP applications

Maintainers: sommeliers, ontology engineers, wine
retailers, NLP developers



Knowledge-Enginerring Methodology

Develop an ontology

1. Define the classes and the class hierarchy
2. Define the properties of classes — slots
3. Define the facets of the slots

4. Create instances



Knowledge-Enginerring Methodology

1. Define the classes and the class hierarchy

e Wine

 Food



Knowledge-Enginerring Methodology

1. Define the classes and the class hierarchy

« Wine
 White wine
 Red wine
* Rose wine

 Food



Knowledge-Enginerring Methodology

1. Define the classes and the class hierarchy

« Wine
« White wine
* Red wine
« Syrah
« Red Burgundy
« (Cabernet Sauvignon
* Rose wine

 Food



Knowledge-Enginerring Methodology

1. Define the classes and the class hierarchy

Wine

« White wine
« Red wine

« Syrah
« Red Burgundy
« (Cabernet Sauvignon

e Rose wine

Food

Class hierarchy

) 5 %) Asserted ~

@ Food
L | Wine
- @ RoseWine
@ WhiteWine
v RedWine
@ CabernetSauvignon
- RedBurgundy
b Syrah

<Protégé 5.6.5>



Knowledge-Enginerring Methodology

2. Define the properties of classes — slots

Object property hierarchy: owl:topObjectPro 2] H ™ &

g e i O Asserted -
Intrinsic: color, body, flavor, ... & owi topObjectProperty

v mm hasWineDescriptor
- hasSugar

.. ----- B hasBody
Extrinsic: name, area, ... ~-mm hasColor

- m# hasFlavor

Part-of: e.g.,
MerlotGrape partOf ChateauMargaux2009

Relationship:
Wine hasMaker Winery
Wine madeFromGrape Grape



Knowledge-Enginerring Methodology

3. Define the facets of the slots

Slot cardinality
« how many values a slot can have.

Slot-value type

String:

Number: Float, Integer,...
Boolean: true, false

Enumerated: specify a list of specific allowed values for the slot.
Instance

Domain and range of a slot
« Domain: the class the slot is attached to
« Range: the type of values it can take



Knowledge-Enginerring Methodology

3. Define the facets of the slots

©Ne X O

Asserted «

owl: Thing

..... FUUd

v Wine

v- @ RedWine
-
- RedBurgundy
b Syrah

----- RoseWine

------ WhiteWine

v WineDescriptor

----- WineSugar

----- WineColor

b0 WineTaste

Equivalent Ta

SubClass Of
hasBody only ({Full , Medium})
hasColor value Red
hasFlavor only ({Moderate , Strong})
hasSugar value Dry
RedWine

General class axioms

SubClass Of (Anonymous Ancestar)
hasSugar exactly 1 WineSugar
hasFlavor exactly 1 WineFlavor
hasColor exactly 1 WineColor

hasBody exactly 1 WineBody

Data restriction creator Object restriction creator
Class hierarchy

hasBody only ({Full, Medium})

Class expression editor

Help...

Description: hasBody

Equivalent To
SubProperty Of

M hasWineDescriptor
Inverse Of

Domains (intersection)
Wine

Ranges (intersection)
WineBody



Knowledge-Enginerring Methodology

4. Create instances
(1) Choosing a calss (Beaujolais)
(2) Creating an individual instance of that class (Chateau_Morgon_Beaujolais)

(3) filiing in the slot values.
Body: Light

Color: Red

Flavor: Delicate
Sugar: Dry



Knowledge-Enginerring Methodology

4. Create instances

-----

v RedWine
- CabernetSauvignon

RedBurgundy
b Syrah

----- RoseWine

------ WhiteWine
WineDescriptor

----- WineSugar

----- WineColor

v WineTaste

@ WineBody

- @ WineFlavor

Equivalent To

subClass Of

hasBody value Light
hasColeor value Red
hasFlavor value Delicate
hasSugar value Dry
Wine

General class axioms

SubClass Of (Anonymous Ancestar)

hasSugar exactly 1 WineSugar
hasFlavor exactly 1 WineFlavor
hasColeor exactly 1 WineColor

hasBody exactly 1 WineBody

Instances

.ChateauMnrgnnEeaujnlais



Protége
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Reasoner (DL Query / SPARQL Query)

1. What wine characteristics should | consider when choosing a wine?

DL Query (Description Logic) SPARQL Query

Query (class expression) Querv‘
SELECT DISTINCT ?property
Execute, Add to ontology
WHERE {
Query results ) . ) .
Orectsupercasses (261 2) wine:Wine rdfs:subClassOf ?restriction .
PotableLiquid - -
Region ?restriction owl.onProperty ?property
Direct subclasses (14 af 14 }
AmericanWine
DessertWine
DryWine
EarlyHarvest
FrenchWine °
FullBodiedWine O u t p u t‘
Gamay
Gelrman.Wine haSBDdY
ItalianWine
RedWine
e hasFlavor
SweetWine
i locatedin
WhiteWine hEISS U g ar
Instances (53 of 5
.Elanl:roftchardnnnay hEISCDhDr
® ChateauChevalBlancStEmilion
@ ChateauDYchemSauterne hEISMEIHEI’
&c DeMeursaultMeursault
@ ChateauLafiteRothschildPauillac madeFromGra pe
# ChateauMargaux
.ChateauMurgonEeaujolais
@ ChiantiClassico




Reasoner (DL Query / SPARQL Query)

2. |Is Bordeaux a red or white wine?

DL Query (Description Logic) SPARQL Query

Query:
Query (class expression)
Bordeaux SELECT %instance ?type ?color #lavor ?body
WHERE {
?instance rdf:type ?type .
type rdfs:subClassOf* wine:Bordeaux .
OPTIOMNAL { ?instance wine:hasColor ?color . }
OPTIOMNAL { ?instance wine:hasFlavor ?flavor . }

Execute| Add to ontology

Query results

Direct superclasses (1 of 1) OPTIOMAL { ?instance winechasBody 7body . }
FrenchWine }
Direct subclasses (2 of 2)
RedBordeaux
WhiteBordeaux OUtpUt
||T'f'||1 = __1 T—l instance type color
: : ChateauDYchemSauterne Sauternes Red
.ChateauChEValBIanl:StEmiliDn ChateauChevalBlancStEmilion StEmilion Red
ChateauMargaux Margaux Red
.ChatEEUDYChEm SautErnE Chateaul afiteRothschildPauillac Pauillac Red

® ChateauLafiteRothschildPauillac
@ ChateauMargaux




5-100, Ontology

Suhyun Park, 2010, “S-100 Metadata Conversion Design of the OWL-based
Ontology”



S-100 Metadata

ISO 19115 Metadata Standard
- 1SO 19115 Geographic Information — Metadtata

profile

ISO 19115 profile
(Including attributes for
hydrographic quality)

S-100 Metadata

Discovery Metadata
(for Information
Exchange Catalogue)




S-100 Metadata

5100_Metadata §100_DatasetDiscoveryMetadata $100_ExchangeCatalogue $100_CatalogueMetadata
— — + fileName: CharacterString + identifier: 3100_Cstalogueldentifier + fileName: CharacterString [1..7]
+ matadataldentifier: MD_ldantifier + filePath: CharacterString + contact: S100_CatalogusPointafContact + fileLocstion: CharacterString [1..7
MO Metadata " " + desoription: CharacterString + productSpedification: $100_ProductSpecification [0..1] + scope: 5100_CatalogueScope [1..7]
- e R — e attribute + dataProtection: Boolean [0..1] + metadatalangusge: CharacterString + versionNumber: CharecterString [
¢ o SR [T o] metadataldentifieris + protectionScheme: 5100_ProtectionScheme [0..1] + exchangeCatalogushame: CharacterString <>—-: ~|+ issueDate: Date [1.%]
+ defsultlocsle:PT Locslz[0.1] L - --==="1 overridden to make it + digitalSi ce: 5100_Digi + exchangeCatalogueDesaiption: CharacterSring "]+ productSpecification: $100_ProductSpedification [1..
+ parentMetadata: Cl_Citation [0..1] 4 ins-100 + di i : 5100_D i + exchangeCatalogueCemment: CharacterString [0..1] + digitalSi ce: 5100_Di i
+ contact: Cl_Responsibility [1..%] e +  copyright: MD_RestrictionCade [0..1] + compressionFlag: Boolean [0..1] + alue: S100_DigitalSi slue
---------------------------------------- + datelnfo:Cl Date 1.4 ) + classification: MD_SecurityConstrsints [0..1] + sourceMedia: CharacterString [0..1] + defaultLocale: PT_Locale
o ™ + purpose: CharacterString [0..1] + replacedDsts: Boolean [0..1] + otherLocale: PT_Locale [0..%]
¥ MEEIEENE e AT [0-] + specificsage: MD_Ussge [0..1] + dataReplacement CharacterSting [0..1]
+ metadataProfile: Cl_Citation [0..7] + editionNumber: CharadierString [0..1
+ alternativeMetadataReference: Cl_Citation [0..%] + updateNumber: CharacterString [0..1 «Enumerstions
+ gotherlocale: PT_Locale [0..*] + updateApplicstionDate: Date [0..1] . 5100_VerticalAnd SoundingDatum
o o ; : 0.
+ metadatalinkage: CI_CnlineResource [0..%] : :z::s‘i‘i[_};:s 011 meanLow\WaterSprings = 1
+ productSpecificstion: 5100_FroductSpecification $100_SupporfFileDiscoveryMetadata mEE"':‘-VEfLmr\ff;tErSPnnus =2
+ producingAgency: GI_Responsibility p— P—— Ei;"tf _;:Er‘
. . - . +metadataMaintenance . . - + 1] DisplayScale: Int: 0..1] ileName: CharacterString x
Lineage information +rezourcelineage Maintenance information:: N ;Z;T:Tm;:pzyg.:sls' ’I‘;::’EI[ o + fileLocation: CharacterString meanLowlater = 5
R MD_Maintenancelnformation N minimumDispIsySca\E:‘ P [n.'.'1 o + purpose: S100_SupporFilePurpose lowestLowWaterSprings = &
0. 0.1 5 T T G T + editicnNumber: CharacterString spproximatelMesnLow\sterSprings = 7
+ horizentslDatumValue. ‘mégﬂ + issueDate: Date indianSpringLowWater = 8
+ epoch: CheracterSing [0..1 K—=2+ =upp pecification: S100_Supp pecification |owlWaterSprings = 9
+ verticalDatum: $100_Vertical And SoundingDatum [0..1] + dataType: S.1DD_SuPp_:mF.|Imema( _ apprla?:lrr.\atetlla'tvisjb«tstm_n:;:nmalTlde =10
Metadata Information:MD_Metadata sidentificationinfo + seundingDatum: $100_VerticalAndSoundingDatum [0..1] +  otherDataTypeDesaription: CharacterString [0..1] nesryLonestiowiiater = 1
- e + comment: CharacterString [0..1] meanLowsrLowWater = 12
- wabstract® B e i + digitalSi 5100_DigitsISi 0.1 lowWater = 13
+ dataTypeVersion: CharacterString o= — - e X
- . L A e . _
1. Identification information:: + dataCoversge: S100_DataCovarsge [0.°] + Swnn_t. 0.1 Eppmx!malEMEEnL:} vwster_ 14
i i C ; - efaultLocale: PT_Locale [0.. X werLow =15
<><><><> <> MD_ldentification + comment: CharacterString [0..1 ¢ G AT_rEiE ?“p:;::'ir;:.‘wi::fI]ZVE'LEIMSE' =1
- + layerlD: CharacterSt 0.."] -
Metadata Information:: +metadatascope " :::l_lm_“:‘r:_ :Tr I_Tcﬂalle : B meanHighWaterSprings = 17
MD_MetadataScope = - N highWater = 18
= 0. + otherLocale: PT_Locsle [0..7] s BETmeT I N— : L
. A ) \ 00_SupportFikeDiscaveryMet Type = “ASCI spproximatelMesnSeslevel = 19
# =
metadataConstraints 0. : meta:latale_El:lEn:metr. ;hflracxerSmng . ', | 1) S100_SupportFileSpe: ion.name must be one of the highWaterSprings = 20
. ] b Szt g ", | MD_CharactersetCode in meanHigherHighWater = 21
; ) Constraint information:: + metadstsDateStamp: Date *.| 2) $100_SupperiFieSpecification {version, date} are optional equinoctialSpringLowWates = 22
@ Abstract? +zpatialRepresentationlnfo MD Constraints - + metadatslanguags: CharscterString [1.. fLsE ‘ 2 et S e aa
Spatial representation information:: N - +resourceConstraints __ | 1) 5100_SupportFiespecification.[version, date} are ‘:;E‘SDM';":'ET fge=s
T 5100_DataCoverage i intemational GrestLakesDstum 1885 = 25
- = meanWaterLevel = 26
+referanceSysteminfo +distributioninfo Distribution informations: + ID: Integer ) ! 5100_SupportFile Specification lowerLowWsterlsrgeTide = 27
Reference system information:: MD Distribution + EX — - §100_ProductSp — e higherHighWaterLargeTide = 28
MD_ReferenceSystem . o - + gon: EX, i gon[1.4]| | * name: CharacterSiring z = _SupportFilePurpose nestlyHighestHighWater = 23
. o o ] A A = o : .
- 0. + optimumDisplayScale: Integer [0..1] + vession: CharacterString [0..1] (= e Eii - highestAstranomical Tide = 20
o E . + date: Date [0..1] + version: CharacterString TE
maximumDisplayScale: Integer [0..1] ] S e Tz
+contentinfo aAbstracts = ispleyScale Integer (0.1 + number: Integer deletion
Application schema information: +applicationschemalinfa Content information:: O T 5100_Catalogue Scope
MD_ApplicationSchemalnformation 0.* MD_Contentinformation 5100 SupportFileFormat et PT Locale p ;
I - i Cat
5100_DataFormat SR e o
_ : e - + language: Languag=Code x;::;:j;g:;mus
[ ————= - - +metadataExtensioninfo  pjotadats extension information:: JPEG2000 ISOIIEC 8211 T EEly ST L]
From 150 19157 ! . A HTML GML T + characterEncoding: MD_CharacterSetCode
! | MD_MetadataExtensioninformation "
| - XML HDFE 5100_Digital Signature (10 10115-1)
+datalualitylnfo XSLT i v 4 5100_Catalogueldentifier
! Data gquality:D0_DataQuality ! VIDED - 5100_¢ intofContact
| T T e - == + identifier CharacterString
o . . o N iti - Cl i
! 2.7 +portraysiCataloguelnfo Portrayal catalogue information EDF/A or LA . + oiganizstion: CharacterString + editionMumber: CharacterSting
I 5100_Digital SignatureValue el —— + date: Date
| MD_PortrayalCatalogueReference LUA phane: Cl_Telephone [0..
!_ __________________ | 0. _“/-I - T + sddress: C_Address [0..1]

ISO 19115 profile metadata Discovery metadata



S-100 Metadata

w5

S5100_CataloguePointofContact«

= Role Name< | Name: Description: Mult: Type: Remarks:-
Class: 5100_CataloguePointOfContact: Contact details of the issuer of this exchange - - =
catalogue:
Attribute organization: The organization distributing this exchange 1 CharacterString: This could be an individual producer,
catalogue: value added reseller, etc .«
Aftribute: phone: The phone number of the organization: 0.1 Cl_Telephone:
Aftribute: address: The address of the organization: 0.1 Cl_Address:
S$100_Dataset«
Role Name«<| Name: Description: Mult: Type: Remarks:
Class: 5100_Datasst: -- - .
Role: composedOf: An exchange set is composed of 0 or more 0.™ -
datasets:
Role: datasetCatalogue: Catalogue which is related to this dataset: 0.* -




S-100 Metadata Ontology
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ISO 19115 Metadata S-100 Discovery Metadata



Global Ontology

Reza Asgari et al. 2015, "An ontology-based approach for integrating
heterogeneous databases”



Problem

Traditional
DB1 DB2
Calculator_model Calculator_type Device_number Category
M19 Programmer M19 Programmer
N34 Scientific N34 Scientific

- Traditional schema-based integration methods struggle when database fidels differ in naming.
(e.g, "Calculator_model” vs “"Device_number”)

« For integration, require manual semantic matching



Problem

Proposal

DB_1 Relation DB 2
Calculator_model synOf Device_number
Calculator_type synOf Category

« Explicitly defines semantic relationships, facilitating automatic and accurate integration.

« User can unified queries, and the system automatically matches fields semantically




Hybrid architecture




Ontology

The rules for constructing the ontology

« Deifne ontology "O" as: O = {C A, | R}
C: a set of concepts.
A : a set of attributes of concepts.

/: a set of instances.
R : a set of all relations that exist between C, A’and 7:

* R = {isA, synOf partOf atr, val}
ISA: Inheritance relations: ‘CPU isA Processor’
synOf: Synonyms relations: ‘PC synOf PersonalComputer’
partOf: Aggregation relations: ‘Keyboard partOf Computer’
atr: showing attributes of a concept: ‘atr(CPU, company)’

val: value of attribues: 'val(company, ‘Intel’, cpu_3034)
cpu_3034's value of company is “Intel”



Ontology

The rules for constructing the ontology

Type Model Name
LCD S1227i  Desktop
Single processor Dell Notebook
Usb port L11h23 Keyboard
Programmer M19 Calculator
LED 121g2 Monitor
Scientific N34 Calculator
Desktop pc Intel PC
Multi processor IBM Computer
Scientific N45 Calculator
Table 1.

Sample table that contains product information.

|>'/| Model | Type | |

L] MIS I Programmer._l/ I

@G

I
v v

./.

Rm ) ”~
A &' N34 | Scientific | -
synOf -

e

|A| N43 | Scientific I |

B &

Part of product ontology graph for Table 1.



Flow

Integration

« Constructing one ontology for each database.

« Constructing mapping function(here, called transformer) as an intermediate language and as a
communication bridge among the local ontologies and the universe ontology

« Construct universal Ontology



Flow

Response to the user’s query

Query: “Show me the IDs of all products where the Name is ‘Laptop’ and the Color is ‘Silver.
1. The query is encoded from Universal ontology as:

F = ( ¢ = Product,
a = {Name, Color},
I = {Name="Laptop’, Color="Silver’},
s = {product_name <+ name, color<=hue}, acc)

2. After verigying acc, strip is away:

F’ = ( ¢ = Product,
a = {Name, Color},
| = {Name="Laptop’, Color="Silver’},
s = {product_name <« name, color<>hue})



Flow

Response to the user’s query

3. Transformer (mapping): convert F' into the SQL query.

Transformer Semantic mapping Sub-query
TT Name < product_name SELECT product_id FROM DB1
WHERE product_name='Laptop’
Color« color AND color="Silver'
T2 Name <> name SELECT id FROM DB2 WHERE
name="Laptop’ AND
Color<shue hue='"Silver'




Flow

Response to the user’s query

4. Local ontology — each DB — Return response

DB1 DB2
Product_id id

101 201
102 202

5. Filtering and output F*
F-,={101,102}, F'1, ={201,202}

6. The universal Ontology merges both sets into {101, 102, 201, 202} and final return to the user



Flow

Response to the user’s query

4. Local ontology — each DB — Return response

DB1 DB2
Product_id id

101 201
102 202

5. Filtering and output F*
F-,={101,102}, F'1, ={201,202}

6. The universal Ontology merges both sets into {101, 102, 201, 202} and final return to the user
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