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Trustable
AI

Valid
AI

Responsible
AI

Privacy-
preserving 

AI

Explainable 
AI

Human
Interpretable AI

Machine 
Interpretable AI

What is 
the 

rational?
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https://stats.stackexchange.com/questions/230581/decision
-tree-too-large-to-interpret

Knowledge Graph in Machine Learning (1)

Augmenting (input) features 
with more semantics such as 

knowledge graph embeddings / 
entities

https://stats.stackexchange.com/questions/230581/decision-tree-too-large-to-interpret
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https://stats.stackexchange.com/questions/230581/decision
-tree-too-large-to-interpret

Knowledge Graph in Machine Learning (2)

Augmenting machine learning 
models with more semantics 

such as knowledge graphs 
entities

https://stats.stackexchange.com/questions/230581/decision-tree-too-large-to-interpret
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Training Data

Input
(unlabeled 

image)

Neurons respond 
to simple shapes

Neurons respond to 
more complex 

structures

Neurons respond to 
highly complex, 

abstract concepts

1st Layer

2nd Layer

nth Layer

Low-level 
features to 
high-level 
features

Knowledge Graph in Machine Learning (3)

Augmenting (intermediate) 
features with more semantics 

such as knowledge graph 
embeddings / entities
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Low-level 
features to 
high-level 
features

Knowledge Graph in Machine Learning (4)

Jesse Mu, Jacob Andreas:Compositional Explanations of Neurons. NeurIPS 2020

Open question: What is the 
impact of semantic 

representation on units in 
Neural Networks?
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Training Data

Input
(unlabeled 

image)

Neurons respond 
to simple shapes

Neurons respond to 
more complex 

structures

Neurons respond to 
highly complex, 

abstract concepts

1st Layer

2nd Layer

nth Layer

Low-level 
features to 
high-level 
features

Knowledge Graph in Machine Learning (5)

Augmenting (input, 
intermediate) features – output 

relationship with more 
semantics to capture causal 

relationship
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Knowledge Graph in Machine Learning (6)

Description 1: This is an orange train accident

Description 2: This is a train accident between two speed 
merchant trains of characteristics X43-B and Y33-C in a dry 
environment

Description 3: This is a public transportation accident

Augmenting models with 
semantics to support 

personalized explanation
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Knowledge Graph in Machine Learning (7)

“How to explain transfer learning with 
appropriate knowledge representation?

Augmenting input features and 
domains with semantics to 

support interpretable transfer 
learning

Jiaoyan Chen, Freddy Lécué, Jeff Z. Pan, Ian Horrocks, Huajun Chen: 
Knowledge-Based Transfer Learning Explanation. KR 2018: 349-358
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Knowledge Graph in Machine Learning (8)

“How to explain concept drift in Machine 
Learning?

Proceedings of the Sixteenth International Conference on Principles of 
Knowledge Representation and Reasoning (KR 2018)

With semantics augmentation

Without semantics augmentation
Augmenting input features and 

domains with semantics to 
interpret concept drift in 

Machine Learning

Jiaoyan Chen and Freddy Lécué
and Jeff Z. Pan and Shumin Deng 

and Huajun Chen. Knowledge 
graph embeddings for dealing 
with concept drift in machine 

learning. Journal of Web 
Semantics. (2021) 

http://www.sciencedirect.com/s
cience/article/pii/S15708268203

00585
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How Does 
it 

Work 
in Practice?
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State of the Art 
Machine Learning
Applied to Critical 

Systems
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Object (Obstacle) 
Detection Task
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Lumbermill - .59

Object (Obstacle) 
Detection Task State-
of-the-art ML Result
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Lumbermill - .59

Object (Obstacle) 
Detection Task State-
of-the-art ML Result

Boulder - .09

Railway - .11
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State of the Art 
XAI 

Applied to Critical 
Systems



Th
is 

d
oc

um
en

t m
a

y 
no

t b
e 

re
p

ro
d

uc
ed

, m
od

ifi
ed

, a
d

a
p

te
d

, p
ub

lis
he

d
, t

ra
ns

la
te

d
, i

n 
a

ny
 w

a
y,

 in
 w

ho
le

 o
r i

n 
p

a
rt 

or
 d

isc
lo

se
d

 to
 a

 th
ird

 p
a

rty
 w

ith
ou

t t
he

 p
rio

r w
rit

te
n 

co
ns

en
t o

f T
ha

le
s

-
©

 T
ha

le
s

20
19

 A
ll 

rig
ht

s r
es

er
ve

d
.

21 REF xxxxxxxxxxxx rev xxx - date
Name of the company/template : 87211168-GRP-EN-004

OPEN

Lumbermill - .59

Object (Obstacle) 
Detection Task 

State-of-the-art XAI
Result
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Lumbermill - .59

Object (Obstacle) 
Detection Task 

State-of-the-art XAI
Result
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Lumbermill - .59

Object (Obstacle) 
Detection Task 

State-of-the-art XAI
Result
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Unfortunately, this is of 
NO use for a human 
behind the system
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Let’s stay back

Why this Explanation? 
(meta explanation)
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Object (Obstacle) 
Detection Task State-

of-the-art Result

Lumbermill - .59

After Human Reasoning…
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Lumbermill - .59

What is missing?
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Lumbermill - .59

Boulder - .09

Railway - .11

Context 
matters
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• Hardware: High performance, scalable, generic (to different 
FGPA family) & portable CNN dedicated programmable
processor implemented on an FPGA for real-time embedded 
inference

• Software: Knowledge graph extension of object detection

Transitioning

This is an Obstacle: Boulder obstructing the train: 
XG142-R on Rail_Track from City: Cannes to City: 
Marseille at Location: Tunnel VIX due to Landslide
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XAI Thales
Platform

• Higher accuracy with no intensive fine-tuning
• Human interpretable explanation
• Running on the edge at inference time
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Tunnel - .74

Boulder - .81

Railway - .90

Rail 
Track Boulder

Trainoperating
on

Obstacle

Tunnel

obstructing

Landslide
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Freddy Lécué, Jiaoyan Chen, Jeff Z. Pan, 
Huajun Chen: Augmenting Transfer 
Learning with Semantic Reasoning. IJCAI 
2019: 1779-1785

Freddy Lécué, Tanguy Pommellet: Feeding 
Machine Learning with Knowledge Graphs 
for Explainable Object Detection. ISWC 
Satellites 2019: 277-280

Freddy Lécué, Baptiste Abeloos, Jonathan 
Anctil, Manuel Bergeron, Damien Dalla-
Rosa, Simon Corbeil-Letourneau, Florian 
Martet, Tanguy Pommellet, Laura Salvan, 
Simon Veilleux, Maryam Ziaeefard: Thales 
XAI Platform: Adaptable Explanation of 
Machine Learning Systems - A Knowledge 
Graphs Perspective. ISWC Satellites 2019: 
315-316

Jiaoyan Chen, Freddy Lécué, Jeff Z. Pan, Ian 
Horrocks, Huajun Chen: Knowledge-Based 
Transfer Learning Explanation. KR 2018: 
349-358

Knowledge Graph in Machine Learning - An Implementation
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Ecosystem
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XAI in Canada: An instance of a Scientific eXplainable AI  project

DEEL (Dependable Explainable Learning) Project 
2019-2024

With support of Industrial partners Academic partners

Certificability
Structural warranties
Risk auto evaluation
External audit

And 3 aerospace partners
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Human
-in-the-
Loop

▌ Knowledge Graph Conference 2021, May 5, 2021

▌ Freddy Lecue, Chief AI Scientist (Thales Canada, Inria France)

▌ @freddylecue


