
15 Years of Knowledge Graphs:
Achievements, Challenges, Opportunities

Gerhard Weikum
Max Planck Institute for Informatics

Saarland Informatics Campus

Germany



Outline

Achievements

Opportunities

Challenges



traditional 

search
Morricone Oscar

Machine Knowledge in Action                     



with
Knowledge
Graph

Morricone Oscar

Machine Knowledge in Action                     



Machine Knowledge in Action                     

Italian film music composers
with
Knowledge
Graph



Machine Knowledge in Action                     
which pieces did

Morricone compose

with
Knowledge
Graph



History of Knowledge Bases

Cyc

 x: human(x) 
( y: mother(x,y) 
 z: father(x,z))

 x,u,w: (mother(x,u) 
mother(x,w) 

 u=w)

WordNet

guitarist
 {player,musician} 
 artist

{player,footballer}
 athlete

Wikipedia

6 Mio. English articles

40 Mio. contributors

from humans

for humans
from algorithms

for machines

Zalando 

1985 1990 2000 2005 2010 2020



Knowledge Bases (KB aka. KG) 

predicate (subject, object)

type (Ennio Morricone, composer)

subtypeOf (composer, musician)   

wroteScoreFor (Ennio Morricone, The Mission)

workedWith (Ennio Morricone, Sergio Leone)

diedOf (Sergio Leone, heart attack)

hasSymptom (heart attack, left arm pain)

treats (Nitroglycerin, heart attack)

taxonomic knowledge

subject-predicate-object triples about entities, 

attributes of and relations between entities  

factual knowledge

expert knowledge

hasCreated (Ennio Morricone, Ecstasy of Gold)

wonAward (Ennio Morricone, 12345)

awardName (12345, Grammy Hall of Fame)

awardFor (12345, The Good, the Bad and the Ugly)

awardDate (12345, 8-February-2009)

awardPlace (12345, Los Angeles)

spatio-temporal 

& contextual

knowledge

+ composite

objects



Automatic Knowledge Base Construction

Web
Contents

Knowledge

knowledge

acquisition

intelligent

interpretation

more knowledge, deeper and better

Information extraction (IE):
• patterns and rules

• pattern induction

• deep learning

• constraint reasoning

https://arxiv.org/abs/2009.11564

Web scale:
• 1B entities

• 100B facts

https://arxiv.org/abs/2009.11564


KB Applications

Major use cases:

• semantic search & QA

• language understanding

• distant supervision for ML

• entity-centric text analytics

• data cleaning

Vertical domains:

• health

• food & nutrition

• finance

• consumer products

…  …  …
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Challenge #1:
Know What People Want To Know

usesInstruments
(Morricone,
{e-guitar, harmonica, whistling,
whips, jaw harp, car horns …})

coveredByArtists
(Morricone,
{Yo-Yo Ma, Metallica, Jay-Z,
Milva, Celine Dion …})

songIsAbout
(The Mission Theme, 
South American indios)

… …

not in any KB !

typically in KB



Challenge #1:
Where Does Knowledge Come From ?

basic facts
more
salient facts
from text + …

Why not text alone?

ML for language inference!

trained for text completion:
For this album Bob Dylan received a Grammy

For this album Bob Dylan received a [?]  Grammy  

contextual

embeddings
(BERT, GPT-3 …)

KB

State of the Art:

This soundtrack earned Morricone a [?]

Morricone used unusual instruments like [?]

The Italian composer [?] wrote music for films

https://demo.allennlp.org/

Grammy, nomination, …

this, these, piano, …

also, himself, often, …

Research Challenge:

• Enhance KB coverage

• Integrate models for tuples and text

• Ensure KB reusability and explainability

https://demo.allennlp.org/


Challenge #2:
Know What Analysts Need

Knowledge workers (analysts, journalists, researchers)

often need to aggregate & compare entities and classes

Examples:

• Marathon runners with most races under 2:10 h

• Electric cars with best range/energy ratio

• Anti-virus drugs with more than 10,000 patients in clinical trials

Research Challenge:

• Augment KB with rich set of quantities

• Enhance search to support analytic queries

#subjects #triples

Marathon runner best time  1629             18

Car model range 3195              4

Car model engine power       3195               0

1-Feb-2020

+  easy over structured DB and KB, but very limited coverage

-- more insight in (fresh) Web contents

-- search engines useless
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• Entities with Quantities

• Qfacts from Text

• Qfacts from Web Tables



Entities with Quantities

Motivation: Quantity (Filter) Queries
• runners with marathon under 2:10:00
• musicians worth more than 100 Mio Euros
• hybrid cars with battery range above 50 km

≠  quantity lookups !
best time of Eliud Kipchoge

how much is Jay-Z worth

electric range of Toyota Yaris

not answerable from KGs because of low coverage

 extract answers from Web sources !  (text, tables …)

Quantity:

(value, unit, context)



Quantity Queries: State of the Art

What is Jay-Z worth?



Quantity Queries: State of the Art

rappers worth more than 200 million dollars



Prototype System QSearch

rappers worth more than 120 million euros

• Qfact extraction from Web text by deep learning

(LSTM, Transformer …) with distant supervision

• Qfact matching via language models

with embeddings

https://qsearch.mpi-inf.mpg.de/

[V.T. Ho et al.: 

ISWC 2019,

WSDM 2020]

https://qsearch.mpi-inf.mpg.de/


Prototype System QuTE

Web contains 100 Mio‘s of tables, 
spreadsheets, JSON files, data lakes …

footballers who transferred

for more than 50 Mio. Euros

[V.T. Ho et al.: 

WWW 2021]

https://qsearch.mpi-inf.mpg.de/table/

https://qsearch.mpi-inf.mpg.de/table/


Team Coach Stadium Capacity Team Value

(in Bio Euro)

Bayern Hansi Flick   Allianz Arena 75000 2.549

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium 55017 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Name Head Site Size Value

Bayern Hansi Flick   Allianz Arena 75000 2.549

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium 55017 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Qfacts from Web Tables
Web contains 100 Mio‘s of ad-hoc tables, 
plus spreadsheets, JSON files …
with a wealth of additional facts

Problems:

• Generic & uninformative headers

• Unclear association of columns

• Incomplete & ambiguous values

• Inconsistent encodings of values

? ?



Team Coach Stadium Capacity Team Value

(in Bio Euro)

Bayern Hansi Flick   Allianz Arena 75000 2.549

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium 55017 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Name Head Site Size Value

Bayern Hansi Flick   Allianz Arena 75000 2.549

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium 55017 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Name Head Site Size Value

Bayern Hansi Flick   Allianz Arena ca. 75000 est. 2.5 Bio

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium n/a 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Name Head Site Size Value

(in Bio. Euro)

Bayern Hansi Flick   Allianz Arena ca. 75000 est. 2.5 Bio

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium n/a 2.049 GBP

Liverpool     J. Klopp Anfield 499 * 1700 Mio GBP

Qfacts from Web Tables
Web contains 100 Mio‘s of ad-hoc tables, 
plus spreadsheets, JSON files …
with a wealth of additional facts

Problems:

• Generic & uninformative headers

• Unclear association of columns

• Incomplete & ambiguous values

• Inconsistent encodings of values

? ?

* CoVid limit, usually 53394, record 61905 (1952)



Team Coach Stadium Capacity Team Value

(in Bio Euro)

Bayern Hansi Flick   Allianz Arena 75000 2.549

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium 55017 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Name Head Site Size Value

Bayern Hansi Flick   Allianz Arena 75000 2.549

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium 55017 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Problem: Column Alignment
Web contains 100 Mio‘s of ad-hoc tables, 
plus spreadsheets, JSON files …
with a wealth of additional facts

? ?

Problem: Which Q-column refers to which E-column?

Prior works:

• Heuristics: leftmost E, closest-left E, most-unique E

• Classifier: based on layout and value features

• Inf.Theory: cross-column entropy, approx. functional dependencies



Team Coach Stadium Capacity Team Value

(in Bio Euro)

Bayern Hansi Flick   Allianz Arena 75000 2.549

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium 55017 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Name Head Site Size Value

(in Bio Euro)

Bayern Hansi Flick   Allianz Arena 75000 2.549

Real Zidane Bernabeu 81044 3.649

Man City      P. Guardiola Etihad Stadium 55017 2.258

Liverpool     J. Klopp Anfield 53394 1.845

Column Alignment with Text Evidence

Solution: Search large text corpus for supporting evidence

• for each (e,q) cells in candidate column pair E-Q

retrieve snippets with e mention and approx. q

• for each candidate E-Q pair compute confidence score

… Estadio Bernabeu … 81000 seats … 

… Anfield … 51950 fans …

… Anfield … 48235 … 

… Anfield … Reds … 0 attendance …

… Santiago Bernabeu … president until …

[V.T. Ho et al.: WWW‘21]

?



Take-Home Message

Next-Generation Knowledge Bases: 

key asset for robust, interpretable, versatile AI applications

(cognitive assistants, language & visual understanding …)

Challenges: Coverage, Analytics … 

General & Verticals

Health, Food, Finance …

Opportunity: Entities with Quantities


