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LAMBDA - Learning, Applying, Multiplying Big Data Analytics 
Twinning Coordination and Support Action, H2020-WIDESPREAD-2016-2017  

Project Partners

• Institute Mihajlo Pupin, Serbia (Coordinator)

• Fraunhofer Institute for Intelligent Analysis 
and Information Systems, Germany

• Institute for Computer Science - University of 
Bonn, Germany

• Department of Computer Science - University 
of Oxford, UK

Primary Objectives

1. Strengthening the Human capital and 
Education, Research and Development 
capacities of “Mihajlo Pupin” Institute

2. Decreasing the existing European regional 
R&I disparity by fostering excellence in the 
Big Data Ecosystem areas, 

LAMBDA

Project ending on June 2021!!!
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AGENDA

 Motivation

 Conversational AI pipeline

 Knowledge Graphs for Conversational Assistants

 Question Answering over KGs (KGQA)

 Conclusions
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Fraunhofer Institute for Intelligent Analysis and Information Systems IAIS
Do more with data! 

Focus Artificial Intelligence/ 
Machine Learning

300 Data Scientists and AI 
Experts

Basic Innovations, R&D, 
Industry Projects, Spinoffs

Pinkypills / iStock.com Image-Sources: www.flaticon.com, by Becris, Freepik
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Fraunhofer IAIS Branch Dresden

Seite 5

 Focus on Conversational AI & 
Knowledge Graphs

 >15 colleagues (October 2020)

 „CEE-AI“ AI-Cluster established 
with TUD Rectorate

 Initial EU project, Industry 
projects & Industry workshops 
started

 Successful application for the AI 
Competence Centre Scads.AI

Quelle: https://www.transconnect-online.de

https://www.transconnect-online.de/
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Why is Conversational AI important?
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Conversational AI
Motivation 
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Language is the most powerful
instrument of cooperative action
that humankind has, that any
species we know of has.

(Randy Allen Harris, Voice Interaction Design) 

 Speech / Text is the most direct interface 
for humans (as long as thoughts cannot 
be read…)

 Increasing acceptance of conversational 
methods as universal interfaces 

 Reductions of costs & complexity
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Chatbot global market
Motivation 

Image taken from https://www.alltheresearch.com/report/223/ai-based-chatbot-market-market

https://www.alltheresearch.com/report/223/ai-based-chatbot-market-market
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SPEAKER project
Industrial Speech Assistant Platform 

 Conversational AI

 Question Answering

 Knowledge Graphs

 Speech

 Privacy

 Customizable & 

Domain-specific



© Fraunhofer-Institut für Intelligente Analyse- und Informationssysteme IAIS 

Conversational AI
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Conversational Assistants
Background 

We build conversational AI platforms

Powered by knowledge graphs

Obtained by integrating heterogeneous data

Source: Michael Galkin https://migalkin.github.io/talks/2019-11-16-moscownlp

https://migalkin.github.io/talks/2019-11-16-moscownlp
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Conversational Assistant
Pipeline 
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Automatic Speech Recognition (ASR)
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Traditional ASR pipeline
Break problem into several key components 

Source: Adam Coates http://www.apcoates.com/

http://www.apcoates.com/
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End-to-End ASR approach
Using neuronal networks

Source: Adam Coates http://www.apcoates.com/

Supervised Learning

We will give many examples for the neural 
network to learn, a tuple (audio, text)

http://www.apcoates.com/
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End-to-End ASR approach
Audio pre-processing

Source: Adam Coates http://www.apcoates.com/

Take a small window 
(e.g., 20ms) of waveform.

Compute FFT and take 
magnitude. (i.e., power)

http://www.apcoates.com/
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End-to-End ASR approach
DeepSpeech2 model

Model DeepSpeech 2: https://arxiv.org/abs/1512.02595

Linear function with 
weights (W) and 
biases (b)

Activation 
function

https://arxiv.org/abs/1512.02595
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End-to-End ASR approach
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Speech Recognition Example

Implemented in our world-leading broadcast 
recognition system, used by ARD.

Subtitles are automatically generated by 
Fraunhofer AI technology in real time.
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Speech Recognition: Saxony Parliament

Seite 22

Our Speech to Text technology is trained on 
various dialects.

The system is running live and in real time 
subtitling all speeches in the Saxon parliament.
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Core Dialogue System – Powered by Knowledge Graphs
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What is a knowledge graph?
Definition

“A knowledge graph is a 
large network of entities, 
their semantic types plus 
properties, and 
relationships between 
those entities.”
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What is a knowledge graph?
Technically we use RDF a family of W3C specifications

RDF is a generic data modeling 
language based on the idea of 
making statements about the 
things in the form of:

<subject>    <predicate> <object>

which are known as “RDF triples”.
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What is a knowledge graph?
Technically we use RDF a family of W3C specifications
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What is a knowledge graph?
Technically we use RDF a family of W3C specifications

Serialization formats: Turtle, N-Triples , JSON-LD, N-Quads, RDF/XML

ex:EiffelTower a ex:Place .

ex:EiffelTower ex:locatedIn ex:Paris .

ex:Paris a ex:City .

ex:Alice ex:visited ex:EiffelTower .

ex:Bob ex:friendOf ex:Alice .

ex:Bob ex:bornOn “14.07.1990”^^xsd:dateTime

…
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What is a knowledge graph?
Technically we use RDF a family of W3C specifications

ex:EiffelTower a ex:Place .

ex:EiffelTower ex:locatedIn ex:Paris .

ex:Paris a ex:City .

ex:Alice ex:visited ex:EiffelTower .

ex:Bob ex:friendOf ex:Alice .

ex:Bob ex:bornOn “14.07.1990”^^xsd:dateTime

…

Serialization formats: Turtle, N-Triples , JSON-LD, N-Quads, RDF/XML

Triple store

Virtuoso

Stardog

Amazon Neptune

…
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What is a knowledge graph?
Technically we use RDF a family of W3C specifications

SPARQL query language

Who visited the Eiffel Tower?

SELECT ?uri WHERE {

?uri ex:visited ex:EiffelTower.

} 

ex:Alice, ex:Bill
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How to build a knowledge graph
from enterprise data?
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How to build a knowledge graph?
Is it expensive?
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How to build a knowledge graph?
Smart Data Connector, easy and enjoyable

The Smart Data Connector (SDC) is a solution to connect heterogeneous enterprise 
data into actionable knowledge, with the motto model and connect
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How to build a knowledge graph?
Modeling the domain
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How to build a knowledge graph?
Mapping and connect your data
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How to build a knowledge graph?
Smart Data Connector, easy and enjoyable

Provide a SPARQL end-point, to 
query the connected data.

MVP Features

Entity Index Metadata Index

Connectors to SQL, CSV, JSON, XML Query End-Point

Provide a rich API, which allows 
for a quick keyword search on 

business entities from the 
Connectors.

Indexing as well metadata, both 
customer provided and open, e.g., 

full medical thesaurus. By indexing 
not dummy JSON objects but 

semantic enriched JSON-LD objects.

Provide the means to create 
mappings and transformers from 

SQL table, CSV and JSON files to RDF.
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Knowledge Graph-based Question 
Answering
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Knowledge Graph-based Question Answering
How it works

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
How it works

Q: How many Marvel movies was Robert Downey Jr. casted in?
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Knowledge Graph-based Question Answering
How it works

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
How it works

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
How it works
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Knowledge Graph-based Question Answering
How it works

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
Entity Linking

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
Relation Linking

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
Pre-defined SPARQL templates

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
Pre-defined SPARQL templates

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
Pre-defined SPARQL templates

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
Pipelines: Natural Language 2 SPARQL

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
Pipelines: Natural Language 2 SPARQL

Source: Michael Galkin https://migalkin.github.io/talks/2020-12-04-kgqa

https://migalkin.github.io/talks/2020-12-04-kgqa
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Knowledge Graph-based Question Answering
COVID-19 cases

COVID-19 Data Repository by the 
Center for Systems Science and 
Engineering (CSSE) at Johns 
Hopkins University

https://github.com/CSSEGISandData/COVID-19

Map

https://github.com/CSSEGISandData/COVID-19
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Speech Synthesis (Text to Speech)
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Text to Speech Examples
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»Yes, ask me about this city…« »Technical University Berlin…«

Nordwind und Sonne

»En beherztet Kölle Allaaf…«

»The Museum is subdivided into the…«

»It depends on my job, but I really…«
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 Increasing acceptance of conversational methods as universal interfaces 

 We are creating Conversational AI technology empowered by Knowledge Graphs 

 SPEAKER is primarily targeting industry (B2B focus rather than B2C as Siri, Google 

Assistant, Alexa)

 Our technology pursuit digital sovereignty: Control over own data as well as used 

technology, Compliance with German and European regulations (e.g. for cloud 

services), Security and privacy for company data

Seite 55

Conversational AI & Knowledge Graphs
Conclusions
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Thank you!

Danke!

Gracias!

Merci!


