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What is a Graph?
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What is a Knowledge Graph?

City
\Hr\\'ﬂ:- ‘.-.Iilj/-;)
«el To
& 2w, oy
~ is located in '
" \i ’; Leonardo
f | '% — % da Vinci
: & -
,"' :*'ﬂ.l {a:-ﬁ &
J.« y . %
. @ 3 o
Blh' {'1._ -.E‘\-“-“:LI
?"-a ce \ f:r/’_, - ll'k' 0 II] \‘.;\"—._ ¢ie
E ill‘
.——" 4
o
, La Joconde a
nodes > : S5, ~Washington
represent verso, . %8, N,
entities/things P
* real-world
* electronic
* abstract . g
edges
represent

relationships

Source: https://aws.amazon.com/neptune/knowledge-graphs-on-aws/
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Example: Uber Eats

N | vy o ~7

Pickup Grocery  Top Eats Deals  Amer

Hidden gems
Up-and-coming spots yo

ou'll like See all

Tsuki Ramen 44

* Online food ordering and delivery platform, mediates

between customers and participating restaurants =k
f tv__ Chocolate Co.

* KG of restaurants, cuisines, menu items, etc.

Asian
Py—— subCategoryOf subCategoryOf
WestAfrican A Yucatecan Halal
X
W [7® canbbean | [ mexican ] \ 1
-
r— - = Kebab TR Japanese
. | > Kosher
h, A|* ® independent_ent
Medit < =
) ki =
s =
Lebanese o
8
g e]
o £
g
=
X SriLank, o
8
[ @ persin | Chinese > ntensse alaysian 4 5
;
S . subCategoryOf subCategoryOf
. 3
y g
AsianFusion
Image source: https://thespoon.tech/uber-eats-revamped-app-aims-to-make-restaurant-discoverability-easier/

Examples from https://eng.uber.com/uber-eats-query-understanding/
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Example: Uber Eats (cont’d)

* Online food ordering and delivery platform, mediates
between customers and participating restaurants

* KG of restaurants, cuisines, menu items, etc.

* Application: “optimize an eater’s search results” e

— restaurants tagged as ‘Chinese’ or ‘Japanese’ subCategryot
surfaced when searching for ‘Asian’
(semantic search!)

— query for ‘Udon’ would be expanded to
also include related terms such as
‘Soba’ and ‘Ramen’

— only show restaurants in the city of the
user (such location-aware search results
are possible because restaurants are
linked to areas in the KG)

Examples from https://eng.uber.com/uber-eats-query-understanding/
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Example: Amazon Product Knowledge Graph

lBFoduct

O
“sgraph ]

:;f_ﬁ_l; Plus F&T&@. D

Source: https://naixlee.github.io/Product_Knowledge_Graph_Tutorial_KDD2021/
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Applications of the Amazon Product KG

* Improving search I.B;OdUCt
P 9 .-2graph =

All *  k-cups dunkin donuts dark Q

%ounnm'
DONUTS

DUNKIN' DARK

¥,
LapgLgo FO©

Dunkin Donuts K-cups Dark Roast - 48  Dunkin' Donuts Dark K Cup Pods, Dark  Dunkin Donuts Dunkin Dark Coffee K-

K-cups Roast Coffee, for Keurig Brewers, Cups For Keurig K Cup Brewers (96
frirdrdrdy v 112 60Count Count) - Packaging May Vary
ey oy ~ 55 Wk v 79
$3869 (438.65/Count)
/prime FREE Delivery Fri, May 8 $3599 (40.60/count) $7057 ($0.74/Count)
i g Cos Save‘ 5% more WItPI'I Subscribe & Save prime FREE Delivery Sat, May 9
$28.00 (7 new offers) vprime FREE Delivery Sun, May 10 More Buying Choices
60 Count (Pack of 1) $66.95 (B new offers)

Source: https://naixlee.github.io/Product_Knowledge_Graph_Tutorial_KDD2021/
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Applications of the Amazon Product KG

. 'product
* Improving search Bagraph

* Providing structured product information

Brand Cetaphil

Ingredients Water, Cetyl Alcohol, Propylene
Glycol, lodopropynyl
Butylcarbamate, 2-Bromo-2-
Nitropropane-1, 3-Diol, Sodium
Lauryl Sulfate, Stearyl Alcohol,
Methylparaben, Propylparaben,
Sodium Citrate, Butylparaben,
Allantoin, Zinc Gluconate.

Formulated for Sensitive Skin

Scent Fragrance free
Gentle Skin Additional Non-Comedogenic, Fragrance-
Cleansing Cloths Item free, Natural
F Information
el Skin Type  Sensitive

Uttra soft snd gentle for even
the most senstive skin

About this item

25 0T PRE-MOISTENED CLOTHS « Gentle for everyday use; Cetaphil gentle skin
cleansing cloths will leave your skin feeling
TWIN pA[}K clean, refreshed and balanced after every
use
* Removes makeup & dirt: Thoroughly remove
makeup and dirt, leaving skin clean
* Mild & non irritating: Soap free formulation

Roll over image to zoom in won't strip skin of its natural protective oils
and emollients

Source: https://naixlee.github.io/Product_Knowledge_Graph_Tutorial_KDD2021/
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Applications of the Amazon Product KG

* Improving search

a" w
S@nroduct
!Egraph

0

* Providing structured product information

* Facilitating structured product comparisons

Included

Control

Capacity

Color

Cooking Functions

Shake Remind

Keep Warm

Preheat

Power

Voltage

Pro Air Fryer 5.8QT

100 Recipes

Digital

5.8QT

Black/Red/White

13

v

<

<

1700W

AC120V

Pro Il Air Fryer 5.8QT WIFI Air Fryer Oven 7QT Stainless Air Fryer 5.8QT
100 Recipes 30 Recipes&More Online Recipes 100 Recipes & Rack & & Skewers
Digital Digital/WIFI Digital
5.8QT Q7 5.8QT
Black Black Silver
12 [Customizable) 14 10
Customizable Shake Remind < Customizable Shake Remind
< <
< < <
1700W 1800W 1700W
AC 120V AC 120V AC 120V

Source: https://naixlee.github.io/Product_Knowledge_Graph_Tutorial_KDD2021/
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Applications of the Amazon Product KG

=product
* Improving search !Eé?a;h\é‘

* Providing structured product information

* Facilitating structured product comparisons

- = = Visit the Bigmuscles Nutrition Stor §.27C Visit the Bigmuscies Nutrition Store t B27
* Providing choices
@ th @ th
!uﬂ‘l !uﬂ‘l
L ] ®
Style name ) P Style name | o ] e
Crude Whey [Unflavored] ﬂ Crude Whey [Unflavored] ﬂ
Flavor Vv Flavor: Unflavored o
Unflavored
Unflavored Caffe Latte Isola
Size:
1Kg[2.21bs] ” Ll g
779 @s250/100
MRP ¥ 1.290 00 Sow 752C
it Size -

Source: https://naixlee.github.io/Product_Knowledge Graph_Tutorial_KDD2021/
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Applications of the Amazon Product KG

. product
* Improving search -grap

* Providing structured product information
* Facilitating structured product comparisons

KitchenAid KSM150PSER Artisan Tilt-Head Stand Mixer with
Pouring Shield, 5-Quart, Empire Red

by KitchenAid
Wiirdrfdrdr ~ 6,331 customer reviews | 972 answered questions

* Providing choices

* Improving recommendations o 283

i hem is eligible for 6 Month Special Financing with your Amazon.com Store Card. Leam more

Note: Not eligible for Amazon Prime. Available with free Prime shipping from other sellers on
Amazon

Only 14 left in stock.
Estimated Delivery Date: July 28 - Aug. 2 when you choose Standard at checkout.
Ships from and sold by GE Premier in easy-to-open packaging

Color: Empire Red

' EEDEODRDEE

' GU—! lér

Similar But Different

More Capacity More Attachments Different Brand

Source: https://naixlee. glthub io/Product Knowledge Graph_Tutorial_KDD2021/
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Example: Airbnb Dataportal
airbnb

* Challenges for data-informed decision making at Airbnb:

— amount of data and number of internal data sources exploded
(data tables, dashboards, reports, metrics definitions)

— data resources isolated by tool or team

* Aim: application for employees to search for, discover,
and learn about internal data resources

; '@’b & g
9900\@ \""} ooy
%
—— @

II LIN KODI NG Introduction to Knowledge Graphs and Semantic Web Technologies
o

Source: https://medium.com/airbnb- eng|neenng/democratizing-data-at-airbnb-852d76051770
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Example: Airbnb Dataportal (cont’d)
airbnb

* Features:
— search (graph topology used to boost search relevance)

Je

:\
iQ' Dataportal

trips launch

. s e e e T Top-level search filters
Advanced ssarch
Trips Launch Metrics PERSET DASHIONAC E— ’
@5 %5 @5 § TomarEaeman D ow s 20 . @ S —————— Resource details & metadata
Trips Web Launch Dashboard
Trips Launch Detailed Search Metrics o———— (Context, context, & context

Trine Wah | aunch Search Matrice

Source: https://medium.com/airbnb-engineering/democratizing-data-at-airbnb-852d76¢51770
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Example: Airbnb Dataportal (cont’d)

* [Features: ourbnb

— search (graph topology used to boost search relevance)
— context and metadata

core_data.dim_listings

__ R A% o—— Description, external link, social

A summary table for listings on Airbnb. All attrib
utes and aggregates are reported in UTC time.

PR Metadata & consumption

Surface relationships,
.. & everything’sa link to promote
exploration

Source: https://medium.com/airbnb-engineering/democratizing-data-at-airbnb-852d76¢51770
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Example: Airbnb Dataportal (cont’d)
airbnb

* Features:
— search (graph topology used to boost search relevance)
— context and metadata
— employee-centric data

What they make,

ﬁ o - B they o

John Bodley @

L}

User details & "
metadata Find me at

Source: https://medium.com/airbnb-engineering/democratizing-data-at-airbnb-852d76¢51770
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Example: Airbnb Dataportal (cont’d)
airbnb

* Features:
— search (graph topology used to boost search relevance)
— context and metadata
— employee-centric data
— team-centric data

% @

econ i P " Curated + Popular content
Econ Policy Data Team e

Group overview —e S
gy Thumbnails for maximum context
G .
Mbubars Getting Started > &—— Basic organization functionality
Actions Reports

Dashboards

Knowledge Posts

Source: https://medium.com/airbnb-engineering/democratizing-data-at-airbnb-852d76¢51770
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Schneider
Example: Schneider Electric PElectric

* Use case: management of buildings

— Building management systems consist of hundreds of thousands
of devices, controllers, and sensors that need to be tracked

- 1loT sensors, elevators, access control, digitized floor plans, etc.

* “Building Graph” is a KG that links many sources of building data
- l.e., the KG contains the relationships between the data sources

| Air Handling Unit |

Variable Air Volume Box | [ AHUAA | Variable Air Volume Box |
e — [ VAV2-4 ] [ VAV2-3 ] 1 hasPart Room 410 } ------------- .
hasPart fee [ VAV2-370ne !
sS¥Fart .~ \ T e N Bram 441 be-eee-
panper Room4t1 |
i hasPoint hasPoint hasPoin !
Room 412 } -------------

- { VAVZ2-4.DPR ][ VAV2-4.ZN-T ][ Vav2-4.5UPFLOW ] [ VAV2-4.5UPFLSP ]

Brick Entity |

Point class |
Brick Schema

| Supply Alr Temp Sensor | ! | Supply Rir Flow Setpoint |

hasPoint E E E [
|
|

[ VﬂVE—ﬂ-.F)PHPOS } | Supply Rir Flow Sensor | Location claszs | definition

| Equipment class |

| Damper Position Setpoint |

Sources: https://www.stardog.com/company/customers/schneider-electric/ and https://brickschema.org/

II LIN KODI NG Introduction to Knowledge Graphs and Semantic Web Technologies
o UNIVERSITY Motivation and Overview 18


https://www.stardog.com/company/customers/schneider-electric/
https://brickschema.org/

Schneider
Applications of the Building KG JPElectric

* Enable building owners and facility managers to derive actionable
Insights to optimize building occupancy and occupant comfort

* Apps for employees to connect to their smart offices

— Example: when arriving a their office building, employees can select
working spaces (based on properties such as lightning, proximity to
a printer, etc); when they leave, janitors are notified immediately

Sources: https://www.stardog.com/company/customers/schneider-electric/ and https://brickschema.org/
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. SIEMENS
Example: Siemens Energy CNRrsEY

* Use case: maintenance of spare parts of large gas turbines

— multiple, heterogeneous data sources including catalogs of spare
parts, turbine configurations, maintenance schedules and history

Source: https://metaphacts.com/images/PDFs/case-studies/metaphacts-Case-Study-Turbine-Spare-Parts-Management-at-Siemens-Energy.pdf
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. SIEMENS
Example: Siemens Energy CNRrsEY

* Use case: maintenance of spare parts of large gas turbines

— multiple, heterogeneous data sources including catalogs of spare
parts, turbine configurations, maintenance schedules and history

SGTS 800041 * KG-based software application that

\\ provides turbine service engineers

hhhhhhhh

MB000134 MB000038

::::::::::: iy ‘] 1

isFJﬂOT ﬂﬂﬂﬂﬂﬂﬂ isPanOH‘\nchorID

CABLE GLAND CABLE GLAND

hasEquipmentClust: hll?menlc uuuuu

58KH_ISP __INITIAL-S_MO4A_M..

|

hasFrameFamily hasRequestitemGroup

SG;F5-3000H +———————————isPartOfFrameF amily-

o= wwm -

58KH ISP MBBGH10 containsRequestitems > MB000134 ~\- / 1 .‘ \ 2 g ' ‘ - 4

Source: https://metaphacts.com/images/PDFs/case-studies/metaphacts-Case-Study-Turbine-Spare-Parts-Management-at-Siemens-Energy.pdf
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Siemens Energy KG Application %lﬁl(\élFé\l\;

* Compare existing configurations

* Find spare parts

* Analyze where these parts are in use

* ldentify identical parts

* Give recommendations on the quantities for required spare parts

* Interactive visualization to gain insights into relationships
between spare parts, turbines,
customer-specific configurations,
maintenance schedules, and
maintenance history

Source: https://metaphacts.com/images/PDFs/case-studies/metaphacts-Case-Study-Turbine-Spare-Parts-Management-at-Siemens-Energy.pdf
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The Semantic Web
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Semantic Web Vision

* An evolution of the WWW in which Web content is represented
In a form that is more easily processable by computer programs

* Software agents may then take
advantage Of these representatlons WARP DRIVE UNDERWATER = ARCTIC OIL V5. WILDLIFE

SCIENTIFIC
AMERICAN .. .

(TOMORROW'S WEB WILL)
SEMANTIC \

Antibiotics'
Dien Future
Rorschach:
AWaste of Ink
The Didest Stars

ew form of W nte

hat m ngful mp
will unleash a revolution o f new abilities

EEEEEEEEEEEEEEE
EEEEEEEEEEEEEEE
AAAAAAAAAA

Source: https://www.scientificamerican.com/magazine/sa/2001/05-01/
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Example Scenario

Gynecologist

What examination? @
S
o
- Gof’@,..@ :
___Hc:r’"‘“-?/" o tf"_;) I
1/ Which are nsurance

ganization

-

S~ closer to home

L or work?
_"\k___ _J}\\; _J/L_ _

lllll

Image source: “Semantic Web: Vision and Technologies” by Nick Bassiliades (2005), http://Ipis.csd.auth.gr/publications/conf-cs-halkidiki-bassiliades.pdf
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Example Scenario

_ Medical Center
Available @

appointments?

B

o Independent
. & Rating Agency

Image source: “Semantic Web: Vision and Technologies” by Nick Bassiliades (2005), http://Ipis.csd.auth.gr/publications/conf-cs-halkidiki-bassiliades.pdf
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Example Scenario

Jane

UE]J” I found 2! {@

" 22
Find other!

| have to stay in the
city centre 3 hours
after work!
No way!

In 2 weeks?
Too late!

Image source: “Semantic Web: Vision and Technologies” by Nick Bassiliades (2005), http://Ipis.csd.auth.gr/publications/conf-cs-halkidiki-bassiliades.pdf
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Example Scenario

Jane

[,

E} | Independent
{ 3;: Is it good? Rating Agency

3 - &

Which medical
centers?

~
D—O-

Insurance
Organization

Independent i EE
List of Medical Centers

Image source: “Semantic Web: Vision and Technologies” by Nick Bassiliades (2005), http://Ipis.csd.auth.gr/publications/conf-cs-halkidiki-bassiliades.pdf
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Example Scenario

" x

Available
appointments?

-_—

How much
does it cost?

Medical Center

Charges a little
more than the
insurer’s coverage

She must get to
her work 1 hour
later tomorrow

Image source: “Semantic Web: Vision and Technologies” by Nick Bassiliades (2005), http://Ipis.csd.auth.gr/publications/conf-cs-halkidiki-bassiliades.pdf
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Example Scenario

| found a better solution!

How do you know it is good?

Why do | have to go later
fomorrow at work?

Will you inform my boss?

Good solution!
| have to pay
only few extra €!

O
O

Where's
the catch?

Image source: “Semantic Web: Vision and Technologies” by Nick Bassiliades (2005), http://Ipis.csd.auth.gr/publications/conf-cs-halkidiki-bassiliades.pdf
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Example Scenario

Explanations ’ﬁﬁ/}s
' Schedule -

)
OK! Make all the ?f E)E —— )%%9\
;3

arrangements! i L 9

Inform

Book

Medical
Center

D——

Image source: “Semantic Web: Vision and Technologies” by Nick Bassiliades (2005), http://Ipis.csd.auth.gr/publications/conf-cs-halkidiki-bassiliades.pdf
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Challenges

Why did the Web have to evolve?

Why was a new form of representing
Web content necessary?
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Data on the Web - D O — - -

> Traditionally published in HTML documents
that are designed for human consumption War Child

¢ Rate

ie - 19 25m

Go to CIA.gov Cast&crew - IMDbPro 83 All topics o

THE WORLD FACTBOOK Countries Maps References About

services: 40.3% (2017 est.)

Director Michael Davie

Unemployment rate

Contents

e 5.83% (2019 est.)
i Storyline / it

Introduction 6.32% (2018 sst) y

Geography N

note: these official rates may not include those working at kosovo albania

People and Society near-subsistence farming

Add full plot - Add synopsis

Environment

country comparison to the world: 96
Government Taglines Young people affected by the war in Kosovo
Eeonany Unemplovment, V()llth ages 15;24 Genres Documentary - War
Energy

total: 27%
Communications
Transportation male: 27.8% Detalls / Edit
Military and Security female: 25.9% (2019 est)

Release date July 12, 1999 (United States >

Terrorism Y ¢ )

country comparison to the world: 42 o .
Transnational Issues Country of origin United States

Population below poverty line Language English

14.8% (2012 est) Filming locations Albania {T
Fal il S | e v i LIRSy ] £ |__Production company National Geoaraphic Television

— TN

u u
CIA World
Factbook

Database
\ i N /4

Movie
Database
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What do you see?

Semantik gér webben smartare
Publicerad av CIO Sweden

Morgondagens internet ar inte bara anpassat for manniskor. Nya lIosningar gor att
maskiner kan gora smartare sdkningar.

Den semantiska webben ar tankt som en férlangning av den befintliga webben snarare &n
som en helt ny webb. Internet ar en underbar uppfinning. Inte minst den del som kallas
World Wide Web, eller webben, och som gor det mdjligt att soka sig fram i en grafisk miljo
via hyperlankar. Det funkar pa manga satt utmarkt — for oss manniskor.

Vi kan presentera dokument som visas pa skarmar runt om hela jordklotet och andra
manniskor kan, forutsatt att det sprak som anvands ar begripligt for bada parter, ta del av
informationen.

Men for maskinen ar det varre. Webben av idag ar lasbar fér maskiner. Men den ar inte
forstabar.

Av: Robert Brannstrom
cioreporter@idg.se
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What does the Computer see?
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What about XML and Tags?

<title> Semantik gor webben smartare </title>
Publicerad av <publisher> CIO Sweden </publisher>

<intro> Morgondagens internet ar inte bara anpassat for manniskor. Nya lésningar gor
att maskiner kan goéra smartare sokningar. </intro>

<section> Den semantiska webben ar tankt som en forlangning av den befintliga webben
snharare an som en helt ny webb. Internet ar en underbar uppfinning. Inte minst den del
som kallas World Wide Web, eller webben, och som gor det majligt att soka sig fram i en
grafisk miljé via hyperlankar. Det funkar pa manga satt utmarkt — for oss manniskor.

Vi kan presentera dokument som visas pa skarmar runt om hela jordklotet och andra
manniskor kan, forutsatt att det sprak som anvands ar begripligt for bada parter, ta del av
informationen.

Men for maskinen ar det varre. Webben av idag ar lasbar for maskiner. Men den &r inte
forstabar.
. <Isection>

Av: <author> Robert Brannstrom </author>
<e-mail> cioreporter@idg.se </e-mail>
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But still ...
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These slides have been created by Olaf Hartig. Feel free to reuse
them under the terms of the Creative Commons BY SA license.

https://creativecommons.org/licenses/by-sa/4.0/
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