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6. Advanced Knowledge Graph Applications / 6.1 The Graph in Knowledge Graphs

Graph Definition

A Knowledge Graph is a Knowledge Base that is a Graph.

Definition 1.1
A simple directed graph G=(V,E) consists of a set V of vertices, |[V|=n,
and a set E of directed edges, E & V x V, where each edge e=(v,, v), e, €
E

is an ordered pair of two vertices (v,, v,) with v ,v, € V.

Definition 1.2

e A graph with self-loops is a graph extended with the option of
having edges that relate a vertex to itself.

e A multi-graph is a graph that may have multiple edges with the same
vertices.

e An edge-labelled graph is a graph that has an additional labelling
function A : E — L that maps each edge in E to an element in a set of
labels L (similarly for vertex-labelled graphs).

Knowledge Graphs 2020, Prof. Dr. Harald Sack & Dr. Mehwish Alam, FIZ Karlsruhe - Leibniz Institute for Information INfrastructul miwemmscasomsscn [1]

SlidefromKnowledge Graphs courbyg prof. Harald Sack& MehwisiAlam(openHRI2020).


https://open.hpi.de/courses/knowledgegraphs2020

6. Advanced Knowledge Graph Applications / 6.1 The Graph in Knowledge Graphs

Knowledge Base Definition

A Knowledge Graph is a Knowledge Base that is a Graph.

A knowledge base (KB) is a technology used to store complex structured and
unstructured information used by a computer system. The initial use of the
term was in connection with expert systems which were the first knowledge-

based systems. Wikipedia

knowledge base Free Online Dictionary of Computing

<artificial intelligence>

A collection of knowledge expressed using some formal knowledge representation language. A
knowledge base forms part of a knowledge-based system (KBS).

«© knowledge base

noun

1. a store of information or data that is available to draw on.

2. the underlying set of facts, assumptions, and rules which a computer system has available to
solve a problem.

Knowledge Graphs 2020, Prof. Dr. Harald Sack & Dr. Mehwish Alam, FIZ Karlsruhe - Leibniz Institute for Information INfrastructul miwemmscasomsscn [1]

SlidefromKnowledge Graphs courby prof. Harald Sack& MehwistAlam(openHRI12020).


https://open.hpi.de/courses/knowledgegraphs2020
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Thereisno singlalefinition(they are evenconflictingsometimgs
but to start witlsomething.

Knowledgegraphisa graph of data intendedto accumulate
and conveyknowledge of the realworld, whosenodes
represententitiesof interestand whosesdgesrepresent
potentiallydifferent relationsbetweentheseentities

Definition by: AHogan et al. (2022Xnowledge GraphsACM Computin§urveys54(4), pp. 137.


https://doi.org/10.1145/3447772
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Anintuitive way to represenknowledge

Flexibleway to conceptualise&epresent
and integratediverseand incompletedata

Flexibleintegrationof different knowledge,
and conceptsntoonesingle unified graph
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Fig. 1. Directed-edge labelled graph describing events and their venues.

Source: AHogan et al. (2022)nowledge GraphsACM Computin§urveys54(4), pp. 137.
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HETEROGENEARKHS

A.k.a heterogeneoumformatiometworks

Nodesand edgeshavetypes(as a part of the
modelitself, typically exactly onetype)

A

type type type _4-borders__
- ' - *borders\. (Santiago - CitQ—capital-»(ChiIe : Country) (Perd : Country)
Santiago j—ca nm-»@\ Peru
p . borders’ \borders‘v

(a) Del graph (b) Heterogeneous graph

Fig. 2. Data about capitals and countries in a del graph and a heterogeneous graph.

Source: AHogan et al. (2022)nowledge GraphsACM Computin§urveys54(4), pp. 137.
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PROPEERAPHS

Labelsand property-valuepairscanbe
associatedvithnodesand edges

Notyet standardised
(available in populargraph databases
but particularimplementationsay differ)

More intuitiverepresentationbutrequiresmore
intricatequerylanguagesformalsemanticand
inductiveechniques
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(b) Property graph

Source: AHogan et al. (2022)nowledge GraphsACM Computin§urveys54(4), pp. 137.
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OTHEIODELS

Modelswith hypernodesvith nestedgraphsin nodes
Hypergraphsallow edgesthat connecsetsratherthanpairs of nodes

Andmanyothersbut datacanbe typically convertedfrom one model
to another
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ltsauthorisJohann Strauss.
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Title Ander schoneblauenDonau
Author: Johann Strauss
Year. 1867
Place: Wien

The 1lstdocumenhastitle "Der Radetzky
Marsch.

ltsauthorisJohann Strauss.

It wascomposedn 1848 in Wien.

The 2nddocumenhastitle "Ander
schoneblauenDonadl.

ltsauthorisJohann Strauss.

It wascomposedn 1867 in Wien.
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The 1stlocumenhastitle "Der Radetzky
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ltsauthorisJohann Strauss.

It wascomposednh 1848 in Wien.

The 2nddocumenhastitle "Ander schonen
blauenDonad.

ltsauthorisJohann Strauss.

It wascomposedn 1867 in Wien.



STEFD2VIDETORIPMEEEXACDINE INFO
(SUBJPEEDICDBEEICT

The 1stlocumenhastitle "Der Radetzky (1stdocument(hastitle) (DerRadetzkyMarscih.
Marsch.

ltsauthorisJohann Strauss.

It wascomposednh 1848 in Wien.

The 2nddocumenhastitle "Ander schonen
blauenDonad.

ltsauthorisJohann Strauss.

It wascomposedn 1867 in Wien.



STEFD2VIDETORIPMEEEXACDINE INFO
(SUBJPEEDICDBEEICT

The 1stlocumenhastitle "Der Radetzky
Marsch.

ltsauthorisJohann Strauss.

It wascomposednh 1848 in Wien.

The 2nddocumenhastitle "Ander schonen
blauenDonad.

ltsauthorisJohann Strauss.

It wascomposedn 1867 in Wien.

(1stdocument(hastitle) (DerRadetzkyMarscih.
(1stdocumenthasauthob (Johann Strauss).
(1stdocumentcomposedn) (1848).
(1stdocument(composedn) (Wien).

(2nddocumenthastitle) (Ander schoneblauenDonaui).
(2nddocumenthasauthod (Johann Strauss).
(2nddocumentcomposedn) (1867).
(2nddocumenticomposeadn) (Wien).
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(1stdocumenthastitle) DerRadetzkyMarsch.
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STEP 5: UNIQUE IDENTIFIERS

1stdocument 1stdocumerit @ composed in T

2nd document 2nd documerit @ has author -
Wien = Wien?

@ has title
Johann Strauss = Johann Strauss?

@ composed in

@ has author




STEP 5: UNIQUE IDENTIFIERS

http://www.w3.0rg/2004/02/skos/core#prefLabel

| | 's‘ T "

protocol domain path separator  local
unique
identifier

]!
namespace

mailto:John.Doe@example.com
tel:+1-816-555-1212
doi:10.1016/j.eswa.2023.119968
urn:isbn:0451450523

urn:ISSN:01686423
urn:uuid:6e8bc430c3a11d9-9669-0800200c9a66

Image fromResolving Uniform Resource Identifiers (\


https://enterprise-knowledge.com/resolving-uniform-resource-identifiers-uris/

STEP 5A: UNIQUE IDENTIFIERS FO

1stdocument doi:straugmarchl @ composed in T

2nd document doi:straudsvaltzl © has author -
1st document
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@ has title _
1stdocument doi:straugsnarchl
2nd document doi:straugsvaltzl
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STEP 5B: UNIQUE IDENTIFIERS FO

@ has title _
composedn =
https://uj.edu.pl/dict/composed_year @ composed in

composedn =
https://uj.edu.pl/dict/composed_place

hastitle = https://uj.edu.pl/dict/has_title

hasauthor= https://uj.edu.pl/dict/has_author
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SPARQL
QUERY
LANGUA

Anatomy of a Query

Declare prefix PREFIX foo: <K.>
shortcuts ~ ——> PREFIX bar: <.>
(optional)

SELECT ..
\ Query reSU|t

Define the FROM <..>
fatasetifoptional) FROM NAMED <..>

WHERE { )

} Query pattern

— GROUP BY ..
HAVING ..
ORDER BY ..
. LIMIT
Query modifiers /
(optional) OFFSET ..
VALUES ..

clause

Image byMichael K. Bergma



https://www.mkbergman.com/2358/cwpk-25-querying-kbpedia-with-sparql/

1. SELECT

Q U E RY FO R M S Returns all, or a subset of, the variables

bound in a query pattern match

2. CONSTRUCT 3. ASK

Returns an RDF graph specified by a seReturns a boolean indicating whether a
of triple templates query pattern matches or not

4. DESCRIBE 5. UPDATE

Returns an RDF graph that describes théddition and removal of triples.
resources found Graph management
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,People can’t share knowledge if
they don t speak a common language”

- Davenport & Prusak, 1997 [5]

Slidefrom Knowledge Graphby prof. Harald Sack(openHRI12023).
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https://uj.edu.pl/dict/has _title
https://uj.edu.pl/dict/Manuscript

VS

https://schema.org/name th%) maﬁng T)')gggr’spgggrus,
of life? are down.

https://schema.org/Manuscript

A vocabulary a data modelcomprisinglasseroperties
and relationshipgJRIswhichcanbe usedfor describing
yourdata and metadata




Manuscript
A Schema.org Type

This term is in the "new" area - implementation feedback and adoption from applications and websites can help improve our definitions.

Thing > CreativeWork > Manuscript

[more...]

A book, document, or piece of music written by hand rather than typed or printed.

Property
Properties from CreativeWork

about
abstract

accessMode
accessModesufficient
accessibilityAPI
accessibilityControl
accessibilityFeature

accessibilityHazard

accessibilitySummary

accountablePerson
acquirelLicensePage

aggregateRating
alternativeHeadline

Expected Type
Thing

Text
Text

ItemList
Text
Text
Text
Text

Text

Person

CreativeWork or
URL

AggregateRating
Text

Description

The subject matter of the content.
Inverse property: subjectOf

An abstract is a short description that summarizes a CreativeWork.

The human sensory perceptual system or cognitive faculty through which a person may
process or perceive information. Values should be drawn from the approved vocabulary.

A list of single or combined accessModes that are sufficient to understand all the intellectual
content of a resource. Values should be drawn from the approved vocabulary.

Indicates that the resource is compatible with the referenced accessibility API. Values should
be drawn from the approved vocabulary.

Identifies input methods that are sufficient to fully control the described resource. Values
should be drawn from the approved vocabulary.

Content features of the resource, such as accessible media, alternatives and supported
enhancements for accessibility. Values should be drawn from the approved vocabulary.

A characteristic of the described resource that is physiologically dangerous to some users.
Related to WCAG 2.0 guideline 2.3. Values should be drawn from the approved vocabulary.

A human-readable summary of specific accessibility features or deficiencies, consistent with
the other accessibility metadata but expressing subtleties such as "short descriptions are
present but long descriptions will be needed for non-visual users" or "short descriptions are
present and no long descriptions are needed".

Specifies the Person that is legally accountable for the CreativeWork.

Indicates a page documenting how licenses can be purchased or otherwise acquired, for the
current item.

The overall rating, based on a collection of reviews or ratings, of the item.
A secondary title of the CreativeWork.




ONTOLOGY is the philosophical study of the nature of being, existence, or reality,
as well as the basic categories of being and their relations...
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