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KNOWLEDGE ENGINEERING

Anengineeringlisciplinghatinvolvesntegratindknowledgantocomputesystemsn
order tosolvecomplexroblemsormallyequiringa highlevelof humarexpertise

(Feigenbaun& McCorduckl1983)




WHY DOES IT MATTER?

o We already knowsomeKnowledge
Representatiomethodsknowledge
graphsin RDR,ulesin SWRL/SHACL,
ontologies n OWL , é

o Why do we needsomethingnore?

0 Why do we needthislecture&
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Welcome to Wikipedia,

the free encyclopedia that anyone can edit.
5132278 articles in English
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From today's featured article

In the news

The Runaway Scrape was the
1836 escape of Texas residents
from the encroaching Mexican
Army of Operations under the
command of Antonio Lopez de
Santa Anna during the Texas

Feplicas of the "Twin Sisters”, cannons used in
the Battle of San Jacinto

« American singer and songwriter Prince
is found dead at the age of 57.

» At least 64 people are killed and mare
than 340 others injured in an attack in
Kabul, Afghanistan.

« Ethiopians Lemi Berhanu Hayle and
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AW\R ICD Collaborative Authoring Tool

iV ICD Categories

Create Watch Branch « | Search: '29E''Roseola infantu

© 07 VIl Diseases of the eye and adnexalu;j 9 Dorr3
© 08 VIl Diseases of the ear and mastoid process » T

© 09 IX Diseases of the circulatory system% 4 D208
¥ 10 X Diseases of the respiratory system% 3 D 1385

¥ 11 XI Diseases of the digestive sy'slamk‘_c‘:J 4 "D 43g1 ICD-10 Code (@

= © 12 Xl Diseases of the skin "+~ 10 "= 6775
| B © LA Infections and infestations affecting the skinﬁt"I
- @ © A0 Viral infections affecting the skin"~ 2 "©
- @ ¥ LAQO Pox virus infections of the skin |

Sorting label 20E

ICD Title (2

Short
Definition @

B ¥ LAo1 Herpes virus infection of skin and muc
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PARADIGM SHIFT

People want to collaborate

There is a need for methods and
tools that work

It's not only about KRR methods

Design

Population

Evolution

Toolusers

Application
users

Reuse

Past Present

KEexpertwithdomain KEexpertpaired withdomain
expertaccess exper{s) andcommunity

KEexpertlearnsdomain KE anddomain experts
determinghevocabulary

KEexpertheavily KEexpertinvolvedntools
involved customizaticior domain experts
Trainedn Computer Trainedn DomainSciences
Science

Well understoodjroup Diverseand evolvinggroup

Well thoughout Expectheunexpected

Tablefrom DeborahL.McGuinnes&017), Ontologies for the Modern AESWC 2017Keynot8.


https://www.slideshare.net/deborahmcguinness/ontologies-for-the-modern-age-mcguinness-keynote-at-iswc-2017
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GROKPE

Anengineeringrocessthatinvolvesntegratingknowledgento computesystemm

order tosolvecomplexroblemsormallyequiringa highlevelof humarexpertise
done by a group of people




COOPERATI

Problem divided into separate

fragments done independently
(e.g., CataloguBrofessorum
Lipsiensium




COLLABORAT B

A joint involvement of participants for
the common purpose, although it may
result from different motivation
(e.g., Wikipedia) ==



COLLECTI

Done by a group of people, who have
similar motivations and so@oonomic
interests. Resources are owned by a group

(e.g.,ICBL1)




GROUP KE SU

Communication

Gs,tributed KE

Cooperative
KE

Collaborative

Collective
KE

KE
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NEED FOR
PROPER TOOLS

Domain users are not knowledge
engineers. They use natural
language!

Knowledge Formalization Continuum

But we want something more for

o . Tabular data Mindmaps /
because of validation, reasoning Segmented
: Flow charts
and inference tasks. text Tags )
Images Logic
Rules
, : - Text . Cases
It's project specific. Semantic Functional
annotations Decision models
trees

Fault
models

Semantically
equivalent
transitions




5. Knowledge Graph Applications / 5.1 Ontologies in Action ! g(IT
O n t o I ogy Ty p e s a n d c a t ego rl e S Karlsruher Institut fur Technologie
according to their level of Generality ( FIZ Karlsruhe
Leibniz Institute for Information Infrastructure
informal formal
- < Expressivity B +
controlled . eneral logical
Thesauri formal IS-A Frames g .g
Vocabulary Constraints
7\ 7\ 7\ 7\ 7\ 7\ 7\ 7\ 7\ 7\
\ \ \ \ \ \ \ \ \ \
Disjunctiveness,
. . formal Value )
Glossaries informal IS-A - Inversiveness,
Instance Restrictions
Part-of...
Data . formal Logic Description First Order
Terms 5 e , Folksonomies . ; : :
Dictionaries Taxonomies Programming Logics Logics
lightweight heavyweight
. < B> )
Ontologies Ontologies
(according to Guarino: Formal Ontology in Information Systems, 1998) (according to Lassila and McGuiness:The Role of Frame-Based Representation on the Semantic Web, 2001
Knowledge Graphs 2020, Prof. Dr. Harald Sack & Dr. Mehwish Alam, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & Karlsruhe Institute of Technology

SlidefromKnowledge Graphs courby prof. Harald Sack& Mehwisilam (openHP12020).


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

NEED FOR

PROPER TOOLS

Domain users are not knowledge
engineers. They use natural
language!

But we want something more formal,
because of validation, reasoning
and inference tasks.

It's project specific.

/ Usable Knowledge-Based Systems

/ Interface Design

C

/ User Orientation

Self-Descriptiveness

System Image

L)

Help
&
Doc
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& Motlogged in Talk Contributions

Wain Page Talk Read “iew source “iew history
Welcome to Wikipedia, . Arts » History
¢ Biography s Mathematics

the free encyclopedia that anyone can edit. _
5,132,278 articles in English - (ST o EIEEE

W I K I S A ‘ From today's featured article IR R

. The Runaway Scrape was the = American singer and songwriter Prince
U S A B L E B o= 1836 escape of Texas residents Is found dead at the age of 57.
) : from the encroaching Mexican s At least 64 peaple are killed and more
- Army of Operations under the than 340 others injured in an attack in
S e = command of Antanio Lopez de Kabul, Afghanistan.
E’Zpé':;;‘:}tgznz":';n?:ters o BRIl o during the Texas « Ethiopians Lemi Berhanu Hayle and
Fevalution. Civilian evacuations Atsede Baysa (pictured) win the men's
biegan on the Gulf Coast in January after the vanguard of the Mexican army and women's Boston Marathon, respect
crossed the Rio Grande to quell the insurrection of American colonists and « A magnitude 7.8 earthquake hits Ecuac
Tejanos (Mexicans barn in Texas). Weeks later, news of the Batfle of the least 480 people and injuring mare than 4
Alamao and the Goliad massacre created a state of panic. Sam Houston was « Two earthquakes kill at least 40 people
the Texas commander-in-chief of raw recruits who had little or no combat than 3,000 others across Kyushu, Japan.

experience. Fleeing civilians moved in tandem with Houston's troops for
protection, as he sought a safe training camp for his soldiers. The pursuing
Mexican army had orders to execute all rebel combatants, and it cut a swath
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Ongoing events
Recent deaths: Chyna - Victaria Wood - Esti
Gray



Getting information off the
Internet is like taking a

drtnk from a fire hydrant.

Mitchell Kapor
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WIKI

Title: The Call of Cthulhu
Author: h_p lovecraft
Publisher: iap

Date: 2009

Language: english
Genre: horrar
Pages: 52

Keywords: evenings



WIKI SEMANTICS

Title: The Call of Cthulhu
Author: h_p lovecraft
Publisher: iap

Date: 2009

Language: english
Genre: horrar
Pages: 52

Keywords: evenings



WIKI SEMANFISEMANVIKIS

Title: The Call of Cthulhu
Author: h_p lovecraft
Publisher: iap

Date: 2009

Language: english
Genre: horrar
Pages: 52

Keywords: evenings

Recommendation:

Books by this author:

at_the _mountains_of madness

the_call_of_cthulhu
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ANNOTATIC

Thesemanticef annotatiorare mappedto the OWL.:
o NormalpagesY Individuals
o PropertiesY OWL properties
o CategoriesY Classes
0

PropertyvaluesY Literalsor individuals

**¥Title**: [[title:=The Call of Cthulhu]]

**author**: [[author::bookstore:author:h p lovecraft]]

**publisher**: [[publisher::bookstore:publisher:iap]]

**¥pate**: [[date:=28689]]

*¥Language**: [[language:=english]]

**Genre**: [[genre::bookstore:genre:horror]]
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5. Knowledge Graph Applications / 5.1 Ontologies in Action
IT

Karlsruher Institut far Technologie

Ontology Types and Categories -
* FIZ Karlsruhe

according to their level of Generality
Leibniz Institute for Information Infrastructure

general, cross domain ontologies;
represent very general concepts as e.g., Time, Space, Event;

TOp-LEVEI On tology independent of a specific domain or problem

(Upper Ontology, =~ <—__
Foundation Ontalogy) ‘ I FORPHYRIUN OIALOGLS 1.
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Domain Ontology <

€ pea subaliesmy
D Serentiy
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5. Knowledge Graph Applications / 5.1 Ontologies in Action

Ontology Types and Categories ﬂ(".

according to their level of Generality ‘ LS S CFIZI(arlsruhe

~ — — — _ __Leibniz Institute for Information Infrastructure

Space, Event;

Domain Ontology -

fundamental concepts
according to a generic
domain; specializes terms
introduced in top-level
ontology

bs according to a
sk; specializes
fop-level ontology

(according to Guarino: Formal Ontology in Information Systems, 1998)
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5. Knowledge Graph Applications / 5.1 Ontologies in Action

Ontology Types and Categories

according to their level of Generality

Business Model
Who we are « What

we do - How we do it
« How we finance it

Implementation

Action steps - Ongoing
use of tools « Evaluation

Market Awareness

Trends - Position
+ Competition

Test Potential
Strategies

fundc
acco
domain;
intro ‘

Strategy
Screen

(according to |

IT

Karlsruher Institut fur Technologie

G FIZ Karlsruhe

Leibniz Institute for Information Infrastructure

\
ral, cross domain ontologies;

represent very general concepts as e.g., Time, Space, Event;
ogy independent of a specific domain or problem

v,

logy)

— > Task Ontology
fundamental concepts according to a
general activity or task; specializes
terms introduced in top-level ontology

logy

ontology focussed on a specific task
I, often a specialization of both task
1 ontology; often specify roles played
2ntities for specific activity

—

Knowledge GFépﬁs 2020, Prof. Dr. Harald Sack & Dr. Mehwish Alam, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & Karlsruhe Institute of Technology
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5. Knowledge Graph Applications / 5.1 Ontologies in Action

Ontology Types and Categories

according to their level of Generality

general, cross Bf

Top-Level Ontology
(Upper Ontology,
Foundation Ontolog) ff

Domain Ontology <=

fundamental concepts
according to a generic
domain; specializes terms
introduced in top-level

ontology Application Ontology

specialized ontology focussed on a specific task
and domain; often a specialization of both task
and domain ontology; often specify roles played
by domain entities for specific activity
(according to Guarino: Formal Ontology in Information Systems, 1998)

Knowledge Graphs 2020, Prof. Dr. Harald Sack & Dr. Mehwish Alam, FIZ Karlsruhe - Leibniz Institute for Information Infrastructure & Karlsruhe Institute of Technology
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rdenology
.org

navigation

Main Page
Plant Lists
Random page
Add a plant
Changes
Links

Help

search

3 SHARE
#cs by Google

Ubezpieczenie
Domu

Dom warto
Chroni¢ -
Dopasuj nowe
Ubezpieczenie
do swoich

potrzeb!
Link4 plUbezpieczeni...

EEE,

page discussion view source history

H Bl 99 people like this. Be the first of your
Main Page ke B

riends.
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Gardenology.org - Plant & Garden Wiki
Encyclopedia

Gardenology.org is a complete plant and garden wiki encyclopedia.
So far we have 19,875 plant entries and other articles written and edited
by gardeners from around the globe, with 15,326 photos. Check out the
help page to see how you can edit any page right now.

Plant Categories

Flowers Fruits

Rose, Hibiscus, Carnation, Apricot, Orange, Pear, Mulberry,
Daylily... Watermelon...

Houseplants Vegetables

Fems, Ficus, Jade plant, African Carrot, Lettuce, Bell pepper,

Violet... Asparagus...

Trees Herbs

Pine, Maple, Cedar, Birch, Oregano, Mint, Parsley, Chives,
Walnut... Basil...

Shrubs Vines

Holly, Blueberry, Angel's
Trumpet, Fuchsia...

Passionfruit, Grape, Kiwi, Trumpet
Vine, Jasmine...

Misc. - Carnivorous, Aquatic, Mosses, Hallucinogenic, Edible seeds,
Nuts...

Featured Plant

Banana passionfruit
(Passiflora tarminiana)

This vine will sprawl over large areas if unchecked, with lots
of blooms and decorative fruit. Click here to learn about this
plant.

Help us improve!

How to edit pages on
Gardenclogy.org...

label

_@ Category-City

A London

http:/

tyfse

http:/ [shivTeas ﬂ

http: st Population

http:/ [sfw fArea

latpel

@ Category-Continent

Jsm/ Capital_of

http://smwCapital_of

United_Kingdom

lalel

& United Kingdom



TASBNTOLOSBASEOREASONING

(a) | 806 Swimming < Fitness < TWiki
:
066 diweb Dialog ,
L ‘; — 2 e
|
Exmlon' | | Questions  Solutions Edit  Auach Printable
You are here: TWiki > | Filness Web > Swimming
_ex | Would social relations be an o« | Would having fun be an important
t aspect? aspect? . .
o o ‘ Swimming
& important @ important
 unknown " urknown v " .
Swimming as leisure sports
_ex | What are the most important muscles | o« | Do you have particular training
you want to train? goais? | % Questionnaire for spors advisor
[¥ upper body [~ ams [~ endurance [ rehabiltation A X
[ logs ™ back [ loosing weight ™ staying fit Swimming is the most common form of water sports. It
I~ bottom " unknown ™ stress alleviation I train cooedination is not a very communicativa oe if ive sports, as
By B S overyone swims on his own. The duration of a swimming
o« | What is the expected calorie o« | Would you prefer a competitive form aession fyploally takes: shoud an hoor, Suimeming is Good
consumption? of spont? for reducing stress successfully or to train ZETe
" low (<250 cal) C Yes only should be avoided with cordio probloms.
€ medium(<400 cal) C No swimming especially the upper body is trained an [~ encurance
Lo denzdo S R0e calorie consumption is quite effective when done [~ loosing weight (b)
ly. Swimming is a inexpensive form of spc [ stress alleviation
‘o« | Do you like doing sport in a team? the admission fee in a indoor swimming pool is ty |~ self ceferse
between 2 and 8 Euros [~ rehabilitation
;;:’ [ staying fit
 urknown HiStOI'y [~ train coorgination
[~ unkngwn
A = J
.[ I sl — ] — e : Drawings from the Stone Age were found in “the ¢ Ok >
| Ferg w4 southwestem part of Egypt. Written references date back up to 2000 B.C. In 1538 Nicolas
B — el , German prof of lang: wrote the first swimming book. C it

]
| Jvascriptvoid(0);

Yy
swimming in Europe started around 1800, mostly using breaststroke. The front crawl, then

(=)
P~
English | m

Dalog  Options

()

Sobsons
Established Solutions:
Cydling (58]

Jogging (occasional) (5/5]
Jogging (professional) [5/5)
Swimming (in a club) [3/5)
Soccer (in & club) [24)
Volleyball (in 8 cub) [2/5]
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SEMANVIKIBHEN

2004 firstsemantiaviki (Platypu$
2005-2006: "SemantidViki explosioh

SimpleéSemantidVikis
Markupextendedwith RDHiketriples
Onepage 6 oneconcepd onesubject

SemantiDataWikis

Builtfromscratcho handlesemantidata (e.g., dedicatededitorsinsteadof plain text editor)
No redundancy{in Simplavikisthe knowledgasoftenin thetextand theexternaltriple storg
Structuref the page layoutisrestricted

Semanti&nowledganNikis
Somethinghorethantriples(thistype is notdisjointwith theothers
Rictkknowledgeaepresentatioandverificatiormethods



SEMANVIKISOW

SemantidediaWiki
KnowWE

OntoWiki

Loki



SEMANEDIAWIKI

Semantic MediaWiki

Navigation

Main Page
SMW homepage
Help

Browse wiki
RDF Feeds
Recent changes

Log in / create account

Go Search

Page Discussion Read Edit View history

London

London is the capital city of England and of the United Kingdom. As of 2005, the population of
London was estimated 7,421,328. Greater London covers an area of 609 square miles.
Category: City
Facts about London & RDF feed &g

Area  1,577,302,759.2 m2 (1,577.303 km?, 157,730.276 ha, 609 miles?) + ©.
Capital of England + ©4, and United Kingdom + °

Population 7,421,328 + ©

https://www.semantimediawiki.org/

MediaWiki(e.g., Wikipedia) + SMWplugin

ExtendedMediaWikimarkup

[[ Category:City ]

[[ Is capital of::United Kingdom]
[[Has population ::7,421,328]]

Storage inMediaWikirelationaldatabaseor any
TripleStore

RDF, OWL and SPARSMpport

Multipleformats mediaplaintext, annotations
businesgrocessedJMLclasgdiagrams

Underlyingpntology(categoriesand relations
hierarchypossibilityto defineobjecttypesfor
propertieg

Unitsconversio(seethe Factdox)


https://www.semantic-mediawiki.org/

SEMANMEDIAWIKI

#askqueries

{{#ask:

[[ Category:City ]

[[ Located in::United Kingdom|]
|? Population

1}

#ask queriesanbe usedto define
conceptge.g., UK Citydefinedby the
gueryabove)

Supporfor multipleresults
representation

Query facts

{#ask: [[Berlin]] Berlin has a population of ?

| ?Population >
| ?Area#km? = Size in km?2

B

{{#ask: [[Category:City]] [[Located in::Germany]]

| ?Population »
| ?Areattkm? = Size in km?

s
#displ :

{{#display_map

{{#show: Berlin |?Has coordinates}}
|width=280

|height=280

|service=osm

1

Population Size in km*

Berlin 3,520,061 |891.85 km*

+ Population = Size in km® &

Berlin | 3,520,061 801.85 kme®
Cologne
Frankfurt |679,664 248.31 km?

Munich 1,353,186 310.43 km?*

Stutigart |606,588 207.36 km®

warzburg

aaaaaaaaaaaa

Mohrenstale

£ Pergamonmuseum



KNOWWE

Part of the OpersourceDiagnostic
Platform littps://www.d3web.de))

A decisionsupportsystemthat mixes
knowledgeondifferentformalization
levels

Media,plaintext, annotations
productionrules, decisiortrees
decisionables flowchartssetcovering
models

Doesot havea genericannotation
mechanism Itusesnarkupand editors
createdfor specificusecaseto reduce
thecomplexityfor domainexperts

KnowWE
R

Home
Documentation / FAQ
Demos
+ Car Fault Diagnosis
+ Body-Mass-Index
+ Temperature Progression
Administration
All pages
Recent changes
Plugins
Recent changes
+ Left menu

L

& Continuous Integration

Demo pemosMI DemaTemperature
Documentation :ne.
attachmeant basicMarkup NIEI'_\' compile
C’.‘I‘III‘L’.‘LS[I‘EQEIEI‘ cc\uenrgLs( eXpressins

formulas imagsaMap interview knowledgabase

package properties question guickl resource rule

setcovenng solution tables testcase timedb todo

warnables wikiMarkup xcl
Tags (edit): Demo
KnowWE 20120604_02:29

JSPWiki v2.8.3-svn-19

Gday (anonymous guest) Login My Prefs

Demo - CloggedAirFilter

Your trail: Demo - Master, Demo - CloggedAirFilter, Demo - Continuous Quick Navigation Q
Integration, Main, Demo - Main - Car Diagnosis
View | Attach (2)  Info Edit | More... v

Clogged air filter

General

The (combustion) air filter prevents abrasive particulate matter from
entering the engine's cylinders, where it would cause mechanical wear and
oil contamination. || i
|||| i
I il
“.;.'u.u

Most fuel injected vehicles use a pleated paper filter element in the form of
a flat panel. This filter is usually placed inside a plastic box connected to the
throttle body with an intake tube.

Older vehicles that use carburetors or throttle body fuel injection typically
use a cylindrical air filter, usually a few inches high and between 6 and 16
inches in diameter. This is positioned above the carburetor or throttle body,
usually in a metal or plastic container which may incorporate ducting to
provide cool and/or warm inlet air, and secured with a metal or plastic lid.

(e f}-

clogged air filter

Typical Symptoms

Typical symptoms for a clogged air filter are for example: Driving, unsteady idle speed and weak
acceleration, but also problems when starting the car starting problems and an increased fuel consumption
(based on average mileage) and the currently measured mileage or abnormal exhaust fumes.

A typical starting problem which is connected to this problem is a barely or not starting engine in
combination with a starter that turns over.

A clogged air filter can cause black exhaust fumes which will turn the color of the exhaust pipe to sooty
black.

IF Driving = unsteady idle speed
THEN Clogged air filter = P4

IF NOT (Driving = unsteady idle speed
OR Driving = weak acceleration}
THEN Clogged air filter = N5

IF (Exhaust fumes = black AND Fuel = unleaded gasoline)
THEN Clogged air filter = P5S

IF ({(Engine start = does not start
OR Engine start = engine barely starts)
AND Starter = turns over)
THEN Clogged air filter = P4

Repair Instructions

A clogged air filter needs to be replaced by a new one. Therefore, the air
filter housing have to be found. It will be either square (on fuel-injected
engines) or round (on older carbureted engines) and about 12 inches (30
cm} in diameter.

Afrar InFatina tha hansina tha erraws ar damhbe nn tha ton nf it hava tn ha |


https://www.d3web.de/

KNOWWE

Storage Iin relational database

Supportfor RDF, OWL and SPARQL
Custom support for domaspecific

standards

Continuous Integration: automatic
tests, current state visualisation, stab
version available at any time

Itisusedonlyfor the development.
Knowledgasextractedfor productio

nsystems

L [ ] K Body-Mass-Index

x

| Albrecht |

<« C' | [ localhost:8080/KnowWE/Wiki.jsp?highlight=trace&page=Body-Mass-Index "f:r‘ @ =

Home
Documentation / FAQ
Demos
+ Car Fault Diagnosis
« Body-Mass-Index

« Temperature Progression
+ James Dean Ontology

Administration

« All pages

+ Recent Changes
* Plugins

+ Left menu

@ Continuous Integration

DEMO DemoaM! DemaTemperaturs

Documentation coesore

femudess hat hat_keys hotkeys imageMap intsrizw keys

knowledgebase lists package properties QUESHION quicki

resaurcs e sstoovaing sharicuts sehuion tables

tastcase timedh todo variables wikiMarkup xel

KnowWE 20150504 _16:14

This simple knowledge base derives the body-mass-index (BMI) of a person based on the weight and height. Please note that this is a simple example

for demonstration uses!

The BMI is calculated using DiaFlux models, where first the "Height" and "Weight® is asked to the user. Then, the value of the abstraction *bmi" is
derived, when values for the aforementioned questions are known. Final sclutions are derived depending on the result of the calculated value of "bmi®.

Interview and Solutions

® Normal weight
% bmi=22.86

¥ Startquestionaire
Height

Weight

The Knowledge Base
" Start
A2 Height
ask
Om

A2wWeight
ask
l(nm-m
i

25
&2bmi 18.5 25
= (Weight / {(Height'Height)) 188

1.75 m
7l kg
22.857142857142858

T ® Overweight
established

= Normal weight
established

T ® Underweight
established
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Annotation : [[ category:city ]

RDF triple : city:london rdf:type  :city .

Prolog statement : wiki_category (' city:london ', city ).

Annotation : [[ capitalOf :: country:england 1]

RDF triple . city:london : capitalOf  : country:england .
Prolog statement : wiki_relation (' city:london ', capitalOf
Annotation : [[ name=London]]

RDF triple : city:london :name ‘London’ .

Prolog statement : wiki_attribute (' city:london

LOKI BOKUWHKIROLOG

https://loki.re/

SMWike markup

Knowledge storage in Prolog files
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l wikitext l

country:england

name,'London’).
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PIWiki engine
SWI Prolog

render
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Modules
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render i
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Loki is developed to support
domain experts in collaborative KE setting



