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Background

We build conversational Al platforms

Powered by knowledge graphs

. . . . Obtained by integrating heterogeneous data

Text Media  (semi/un)- RDB
structured data
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Size of the consumer virtual digital assistant (VDA) market worldwide from 2015

Background °**

(in million U.S. dollars)

15 000
12500 11'860.6
e Speech and text are
the most natural
g 10 000
interfaces S
é 7 500
£
e Dialogue systems 3
become a standard = 5000
communication
. 2500
interface
17.7 104.7
’ 2015 2016* 2017* 2018* 2019* 2020* 2021*
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Knowledge Graph
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https://wikidata.metaphacts.com/

What’s available

Knowledge Open-domain:  Wikidata, DBpedia
Graphs Biomed: Drugbank, SNOMED-CT, Bio2RDF

Industry 4.0: RAMI

Ontologies

Finance: FIBO, FRO, XBRL, FinReg

etc

https://wikidata.metaphacts.com
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https://wikidata.metaphacts.com/

What'’s possible - Question Answering

( Who built this building? > &j
v v
< Subject: > < Relation: )
Brandenburg Gate Architect

Query the KG

v

< Verbalize triples )

v
@ Carl Gotthard Langhans is the
architect of Brandenburg Gate

Mikhail Galkin, Al Talk EU, 25.10.2019
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What'’s possible - Dialogues

(Who built this building?> &] < When was he born? > &
v v
Subject: Relation: oreference Relati
< Brandenburg Gate > < Architect ) < = (2 € ST Bﬁ: :ic::e
Langhans

Query the KG Query the KG

< Verbalize triples > < Verbalize triples >

v ¥
@ Carl Gotthard Langhans is the Carl Gotthard Langhans was
architect of Brandenburg Gate @ born on 17 December 1732

Mikhail Galkin, Al Talk EU, 25.10.2019




Knowledge graph-based dialogue systems

Relation linking # e Knowledge graph schema can be small, but training data

Predicates 131 has to be large ( > 10 000 data points)

-> -
Training examples | 52122 o Less data -> rule-based systems are preferred




Knowledge graph-based dialogue systems

Relation linking # e Knowledge graph schema can be small, but training data
Predicates 131 has to be large ( > 10 000 data points)
o Less data -> rule-based systems are preferred

Training examples | 52122

X last week. o Goal-oriented and particular context

- o Dialogue state (context) has to be memorized
reat

How many employees

work there?




Mushrooms?

What is this building? 0)
L

Berlin Hbf
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Mushrooms?

What is this building? 0)
—

This is Berlin Hauptbahnhof

_ Berlin Hof
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Mushrooms?

What is this building? 0)
—

This is Berlin Hauptbahnhof

What is its architectural style? O
|

Berlin Hbf

Mikhail Galkin, Al Talk EU, 25.10.2019



What is its architectural style?

-
1
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Mushrooms!

What is this building? 0)
—

This is Berlin Hauptbahnhof

What is its architectural style? O
|
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Mushrooms! KRR 0

The Berlin Hauptbahnhof is part of the mushroom concept that was being made in Berlin, in which the station forms as a connecting point
for converging and intersecting lines, of different modes of public transport there.

Function |edit]

Planning the new station | edit]

Soon after the fall of the Berlin Wall in 1989, city planners began work on a transport plan for reunified Berlin. One element of this became
the "Pilzkonzept" (mushroom concept), in which a new north-south railway line intersecting the Stadtbahn was to be constructed. The name
derived from the shape formed by the new line and existing lines, which vaguely resembles a mushroom.

Mikhail Galkin, Al Talk EU, 25.10.2019



Mushrooms! KRR 0

The Berlin Hauptbahnhof is part of the mushroom concept that was being made in Berlin, in which the station forms as a connecting point

Function |edit]

for converging and intersecting lines, of different modes of public transport there.

Planning the new station [edit]

Soon after the fall of the Berlin Wall in 1989, city planners began work on a transport plan for reunified Berlin. One element of this became
the "Pilzkonzept" (mushroom concept), in which a new north-south railway line intersecting the Stadtbahn was to be constructed. The name
derived from the shape formed by the new line and existing lines, which vaguely resembles a mushroom.

v/ its = Berlin Hauptbahnhof X Applicable to the city concept, not
v In Berlin architectural style of the station
v Concept ~ Style X Close, but not correct

Mikhail Galkin, Al Talk EU, 25.10.2019



With KG flavors

Can mushrooms be
an architectural
style?
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W)

Can mushrooms be
an architectural
style?

Probably not

With KG flavors

archit

art movement b .
historicism B j;

architectural style architectural style instance of

d railway sta

# Dresden Central Statibn

el f

subclass of instance of

art style ¢ instance of— ‘ German Gothic

Mikhail Galkin, Al Talk EU, 25.10.2019

===== modern architecture % English Gothic architecture

<instance of—

architectural style ch architecture

Art Deco architecture



So why you need graphs?

: Implicit or explicit constraints on produced answers
How many children
does Berlin Hbf have?
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So why you need graphs?

. : Implicit or explicit constraints on produced answers
ow many children '
does Berlin Hbf have? - reduce candidates space
- help to fight the mushroom effect
- ontologies help

Train stations
don’t have kids
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How many children
does Berlin Hbf have?

Train stations
don’t have kids

What is the busiest

train station in
Germany?

So why you need graphs?

Implicit or explicit constraints on produced answers
- reduce candidates space
- help to fight the mushroom effect
- ontologies help

Complex QA via (sub)graphs aggregations

Mikhail Galkin, Al Talk EU, 25.10.2019



So why you need graphs?

Implicit or explicit constraints on produced answers
does Berlin Hbf have? - reduce candidates space

- help to fight the mushroom effect

- ontologies help

How many children

Train stations
don’t have kids

What is the busiest Complex QA via (sub)graphs aggregations

train station in select ?station ?visits where {
Germany? ?station wdt:P31 wd:Q18543139 . # central stations
?station wdt:P17 wd:Q183 . # in Germany
?station wdt:P1373 ?visits . # daily visits
Hamburg Hbf } ORDER BY DESC(?visits) LIMIT 1 # sort

Mikhail Galkin, Al Talk EU, 25.10.2019



So why you need graphs?

Graphs significantly improve reasoning
compared to sole natural language inference
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So why you need graphs?

Graphs significantly improve reasoning
compared to sole natural language inference

Takeaway 1

Reasoning outcomes are
explainable and traceable

Takeaway 2

Mikhail Galkin, Al Talk EU, 25.10.2019



Target Figure: What would be
needed to achieve >90%
overall dialogue accuracy?
(probably unrealistic)

KDDS

Speech User

Recognition

Knowledge-driven
in-car dialogue — | S
system (EN/DE)

Full DBpedia
2019 (wikidata
branch)
> 50M entities
> 4B triples

Speech
Synthesis

/

<«————/ Response |

Mobility
(Stop/Go)

LI

Utterance
Similarity

98% target F-Score in
selecting the right
category small talk / yes /
no / stop / go / not similar
98% target accuracy in
seleecting the right small
talk utterance as
measured via positive +
negative examples on
utterance level

Can recover speech
recoghnition errors by
allowing small variations
of input

Command
(Yes/No)

YESJ

N

Similar?

Yes

'

Small Talk

Module

* OOS vs. Goal
Target F-Score
97%

Should only be
used if overall
dialogue accuracy
improves

OOS subintents
allow more specific
smarter replies and
should be used if F
Score > 95%

Ay

rO0OS—

A

Mikhail Galkin, Al Talk EU, 25.10.2019

/Current POI

< Entity Linking
Target F-Score
97% (either current
POl or coreference
or NER
QA Module . )

Relation Linking
Target F-Score
92% (when getting
all O0S input
directly) or 93%
(when OOS input is
filtered by intent
classifier)

Relation Detected

Query

Verbalisation
Engine



KDDS @
Hannover-Messe H

—

Building KGs from enterprise
sources is still a challenge
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KDDS @
Hannover-Messe H

Building KGs from enterprise
sources is still a challenge

Depth of knowledge vs
variety of domains
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KDDS @
Hannover-Messe

Building KGs from enterprise
sources is still a challenge

Depth of knowledge vs
variety of domains

Explainability is crucial

Mikhail Galkin, Al Talk EU, 25.10.2019



Fraunhofer IAIS
Standort Dresden

Fraunhofer-Alliance Big Data Al
The biggest Fraunhofer alliance
with > 30 institutes led by IAIS

ML2R
National Competence Center for
Machine Learning Rhein-Ruhr

AI4EU
EU Lighthouse

Fraunhofer Center for Project for Al

Machine Learning

IAIS-led part of Fraunhofer
Cluster of Excellence
Cognitive Internet

Technologies .
International Data Spaces

Association

Data sovereignty for Big
Data and Al, 100+
companies

CEE Al
Center for Explainable and Efficient Al
Technologies with TU Dresden

Mikhail Galkin, Al Talk EU, 25.10.2019



SPEAKER

% Digital sovereignty
o |ndependent from Google, AWS
o Compliant with German enterprise and
user data protection regulations

% B2B-oriented

Mikhail Galkin, Al Talk EU, 25.10.2019



SPEAKER

% Conversational Al
o Acoustic frontend
o Speech recognition in DE & EN
o Focus on integrating
enterprise knowledge
o Modular design

Mikhail Galkin, Al Talk EU, 25.10.2019



-
SPEAKER Al Platform / SPEAKER Data Platform
Benchmarking Akademische/ Industrielle
0 Freie Trainingsdaten Trainingsdaten
) nllz .
@ Sprachsynthese
Acoustic Automatische Sprach Intent Named Entity Relation
Frontend Sprach- -normalisierung  Erkennung Recognition Extraction
erkennung HOBBIT
Question/Answering
P00

Sprach- Natural Language
synthese Generation

Dialog- Intent Named Entity Query NLU
steuerun Erkennu Linkin Buildin:
9 ng g g GERBIL (NER, NED, RE,
‘ ‘ @ Intenterkennung)
Dialogfluss- Dialog-State- Question Robot Process Geréte- "
editor Tracker Answering Automation steuerung NLoop Disloge/Feadoack
[ |
UseCase3  loT Steuerung Prozess- Alerting
dokumentation

Use Case 1 Use Case 2

LEGENDE

B Use Case bzw. Partner Modul
B SPEAKER Modul

I Benchmarking

W Datenkonnektoren

er

Command Selection

\9@9

Intelligent Data Source Connectors

© © 0 O

Industrial
Data Sources

O & @ @

Datenbanken Tabellen  Kommunikations-  Business
(CSV, Excel,...) kanile Processes

IoT/Cloud
Speicher




SPEAKER
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SPEAKER Platform [% Fraunhofer][

\

IAIS s

Fraunhofer]

€ pro Jahr

[ Betreibergesellschaft J

Cloud
Hoster
-
GroR-
unternehmen
\_
e
KMU
\.
-
Start-Ups
\_

Content / Daten

€ pro Gerat /

€ pro Zugriff / SPEAKER

€ pro Jahr

Datenlieferanten

Module

Plattform

EYENOES

_ >

—x
—

\SPEAKER Test Space

Modulentwickler

Ausgewahlte Module

[ Multiplikatoren ]

Recht zur Universitaten ]

Datennutzung
Verbande Ermacrhrankiar

Medien
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SPEAKER Use-cases

AUTOMOTlvE"""@ USECASE

Y

Mikhail Galkin, Al Talk EU, 25.10.2019



SPEAKER Use-cases

N
L

DISASTER [BNEY MANAGEMENT

Ay gl |
ol
3

Disaster Management

m Timeliness of response and remedy

Optimization of resource planning
and use

Consistency of available
information in real time

Mikhail Galkin, Al Talk EU, 25.10.2019



SPEAKER Use-cases

Business Processes

m Support and optimization for
business and decision processes

m  Comprehensive answers on the fly
combining multiple data sources

m  No need to search through files in
the information system

Mikhail Galkin, Al Talk EU, 25.10.2019



SPEAKER Use-cases - Financial QA

What is the average spending of company 1

in the year 2017 and 2018?

}

Query Desire

”

Y

What is the average spending of company 1
in the year 2017 and 2018?

Query Formalization

\

Answer Retrieval

North America

Region

Year 2017

'll Year 2018 l

Spending

]

Accounts
L
[ Status ]—»[ Retail ]
Company 1 |
Yy y

[ Inventory ] [ Ware House ]

Mikhail Galkin, Al Talk EU, 25.10.2019

Year 2019

Knowledge Graph

Year 2020




SPEAKER Use-cases (,
0GISTICS ' USECASE

© PLEASE GO TO SHELF 3 ON THE RGHT
F AND DELIVER THE PALLET TO THE
TRUCK AT EXIT 5. THANK YOU!

Logistics

= Navigation through logistic centers
or warehouses

m Low-barrier access to information
and on the fly inferencing

m Time saving with less mistakes

Mikhail Galkin, Al Talk EU, 25.10.2019



SPEAKER Use-cases

P
s .

H &

&

Media Archive

Lightweight speech-based search

for specific content @f?
/_
Rapid orientation in massive ) |
4
amounts of media files
= g ‘ \

Hands-free: intuitive and

comfortable operation s /%

Mikhail Galkin, Al Talk EU, 25.10.2019




SPEAKER Use-cases .

L] e e
(] . L
' ® ®.°
>
L)

% s

VEDICAL S USECASE

Medical

Reduced efforts for patient status
reports

JMWHAT IS THE
TREATMENT PLANT"

L]
e ooo.'..

"WE START WITH
PHYSIOTHERAPY 10 DAYS
AFTER THE OPERATION."

.

=3
=

Condensed natural language output
combining multiple datasources

Immediate access for efficient
scheduling & treatment plannning

Mikhail Galkin, Al Talk EU, 25.10.2019
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Thank you!

mikhail.galkin@iais.fraunhofer.de

jens.lehmann@iais.fraunhofer.de
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