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AI Adoption: Requirements
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Explanation in AI
ExplanaEon in AI aims to create a suite of techniques that produce more explainable models, 
while maintaining a high level of searching, learning, planning, reasoning performance: 
opEmizaEon, accuracy, precision; and enable human users to understand, appropriately trust, 
and effecEvely manage the emerging generaEon of AI systems .
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Outline
• ExplanaJon in ArJficial Intelligence

• MoEvaEon
• DefiniEons
• EvaluaEon (with role of the human in XAI systems)
• The Role of Humans
• ExplanaEons in Different AI fields

• On the Role of Knowledge Graph in Explainable Machine Learning

• XAI Industrial ApplicaJons using Knowledge Graphs on Machine Learning

• Conclusion + Q&A



Motivation



Business to Customer



Critical Systems







Markets We Serve (CriOcal Systems)

Trusted Partner For A Safer World

Space Defence SecurityAerospace Ground Transportation



But not Only 
Critical Systems



COMPAS recidivism black bias 



community.fico.com/s/explainable-machine-learning-challenge

https://www.ft.com/content/e07cee0c-3949-11e7-821a-6027b8a20f23

▌Finance:
Credit scoring, loan approval
Insurance quotes

Motivation (2)



Rich Caruana, Yin Lou, Johannes Gehrke, Paul Koch, Marc Sturm, Noemie Elhadad: Intelligible Models 
for HealthCare: Predicting Pneumonia Risk and Hospital 30-day Readmission. KDD 2015: 1721-1730

Patricia Hannon ,https://med.stanford.edu/news/all-news/2018/03/researchers-say-use-of-ai-in-medicine-
raises-ethical-questions.html

▌Healthcare
Applying ML methods in medical care 
is problematic.
AI as 3rd-party actor in physician-
patient relationship
Responsibility, confidentiality?
Learning must be done with available 
data.

Cannot randomize cares given to 
patients!

Must validate models before use.

Motivation (3)



XAI in a 
Nutshell



Source: https://www.cc.gatech.edu/~alanwags/DLAI2016/(Gunning)%20IJCAI-16%20DLAI%20WS.pdf

This is an 
obstacle on 

rail train 

Obstacle on 
rail train

• Obstruction
covering full 
width

XAI in a Nutshell

https://www.cc.gatech.edu/~alanwags/DLAI2016/(Gunning)%20IJCAI-16%20DLAI%20WS.pdf


- Humans may have follow-up questions
- Explanations cannot answer all users’ concerns

Weld, D., and Gagan Bansal. "The challenge of crafting
intelligible intelligence." Communications of ACM (2018).

An Example of an end-to-end XAI System



How to Explain? Accuracy vs. Explanability

Neural Net

CNNGAN

RNN
Ensemble

Method

Random
Forest

XGB

Statistical
Model

AOG
SVM

Graphical Model

Bayesian 
Belief Net

SLR

CRF HBN
MLN

Markov 
Model

Decision 
Tree

Linear 
Model

Non-Linear 
functions

Polynomial 
functions

Quasi-Linear 
functions

InterpretabilityLearning

• Challenges:
• Supervised 
• Unsupervised learning

• Approach:
• Representation Learning
• Stochastic selection

• Output:

• Correlation
• No causation



XAI Objective
Supporting 

Industrialization of AI 
at Scale



Explainability by Design for AI Products

KDD 2019 Tutorial on Explainable AI in Industry - 5https://sites.google.com/view/kdd19-explainable-ai-tutorial



XAI Definitions
Explanation vs. 
Interpretability



Oxford Dictionary of  English



On Role of Data
In XAI



Interpretable Data for Interpretable Models

TextTabular

Images



What about the
Evaluation?



Perturbation-based Evaluation for Feature Attribution-based Approaches

KDD 2019 Tutorial on Explainable AI in Industry - 5https://sites.google.com/view/kdd19-explainable-ai-tutorial



Human (Role)-based Evaluation is Essential… 
but too often based on size!
Evaluation criteria for Explanations [Miller, 2017]

• Truth & probability
• Usefulness, relevance
• Coherence with prior belief
• Generalization

Cognitive chunks = basic explanation units (for different explanation needs)
• Which basic units for explanations?
• How many?
• How to compose them?
• Uncertainty & end users?

27 January 2019 AAAI 2019, Tutorial on Explainable AI https://xaitutorial2019.gith
ub.io/

[Doshi-Velez and Kim 2017, Poursabzi-Sangdeh 18]



XAI: One Objective, Many Metrics

Comprehensibility

How much effort 
for correct human 

interpretation?

Succinctness

How concise and 
compact is the 
explanation? 

Actionability

What can one 
action, do with the 

explanation?

Reusability

Could the 
explanation be  
personalized? 

Accuracy

How accurate and 
precise is the 
explanation?

Completeness

Is the explanation 
complete, partial, 

restricted? 

Source: Accenture Point of View. Understanding Machines: Explainable AI. Freddy Lecue, Dadong Wan



XAI in AI
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XAI: One Objective, Many ‘AI’s, Many Definitions, Many Approaches
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Which features are responsible of 
classification?
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XAI: One Objective, Many ‘AI’s, Many Definitions, Many Approaches



Which actions are 
responsible of a plan?

Which features are responsible of 
classification?
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Which features are responsible of 
classification?
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Which constraints can be relaxed?

Conflicts 
Resolution

Computer
Vision

Search

KRR

NLP
Game 
Theory

MAS

Robotics

UAI

Surrogate 
Model

Dependency
Plot

Feature
Importance

How to summarize the 
reasons (motivation, 

justification, understanding) 
for an AI system behavior, 
and explain the causes of 

their decisions?

Artificial 
Intelligence

Machine 
Learning

Strategy 
Summarization

Which complex features are 
responsible of classification?

Saliency Map

• Which agent strategy & plan ?
• Which player contributes most?
• Why such a conversational flow?

Plan Refinement

Planning

Uncertainty Map

XAI: One Objective, Many ‘AI’s, Many Definitions, Many Approaches



Which combination of 
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Which complex features are 
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Uncertainty as an 
alternative to 
explanation
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On the Role of Knowledge 
Graphs in Explainable AI

A Machine Learning 
Perspective

On the Role of Knowledge Graph in Explainable AI - under open review at the Semantic Web Journal -
http://www.semantic-web-journal.net/content/role-knowledge-graphs-explainable-ai

http://www.semantic-web-journal.net/content/role-knowledge-graphs-explainable-ai
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Knowledge Graph (1)
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Knowledge Graph (2)



August 28th, 2019 Tutorial on Explainable AI 52

Knowledge Graph Construction



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


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


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



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 (4)

Augmenting (input, 
intermediate) features – output 

relationship with more 
semantics to capture causal 

relationship



Knowledge Graph in Machine Learning (5)

Description 1: This is an orange train accident

Description 2: This is an 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



Knowledge Graph in Machine Learning (6)
“How to explain transfer learning with 
appropriate knowledge representation?

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

Knowledge-Based Transfer Learning Explanation

Huajun Chen
College of Computer Science, Zhejiang University, China
Alibaba-Zhejian University Frontier Technology Research Center

Jiaoyan Chen
Department of Computer Science
University of Oxford, UK

Freddy Lecue
INRIA, France
Accenture Labs, Ireland

Jeff Z. Pan
Department of Computer Science
University of Aberdeen, UK

Ian Horrocks
Department of Computer Science
University of Oxford, UK

Augmenting input features and 
domains with semantics to 

support interpretable transfer 
learning



On One 
Industrial 

Application in 
Thales



State of the Art 
Machine Learning
Applied to Critical 

Systems



Object (Obstacle) 
Detection Task



Lumbermill - .59

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



Lumbermill - .59

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

Boulder - .09

Railway - .11



State of the Art 
XAI 

Applied to Critical 
Systems



Lumbermill - .59

Object (Obstacle) 
Detection Task 

State-of-the-art XAI
Result



Unfortunately, this is of 
NO use for a human 
behind the system



Let’s stay back

Why this Explanation? 
(meta explanation)



Object (Obstacle) 
Detection Task State-

of-the-art Result

Lumbermill - .59

After Human Reasoning…



Lumbermill - .59

What is missing?



Lumbermill - .59

Boulder - .09

Railway - .11

Context 
matters



XAI Thales
Platform

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



• 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



Tunnel - .74

Boulder - .81

Railway - .90

Rail 
Track Boulder

Trainoperating
on

Obstacle

Tunnel

obstructing

Landslide



XAI Thales Approach 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



More on XAI



(Some) Tutorials, Workshops, Challenge
Tutorial:

• AAAI 2020 Tutorial On Explainable AI: From Theory to Motivation, Applications and Limitations (#2) - https://xaitutorial2019.github.io/ https://xaitutorial2020.github.io/

• ICIP 2018 / EMBC 2019 Interpretable Deep Learning: Towards Understanding & Explaining Deep Neural Networks (#2) - http://interpretable-ml.org/icip2018tutorial/ - http://interpretable-
ml.org/embc2019tutorial/

• ICCV 2019 Tutorial on Interpretable Machine Learning for Computer Vision (#2) - https://interpretablevision.github.io/

• KDD 2019 Tutorial on Explainable AI in Industry (#1) - https://sites.google.com/view/kdd19-explainable-ai-tutorial

Workshop:

• ISWC 2019 Workshop on Semantic Explainability (#1) - http://www.semantic-explainability.com/

• IJCAI 2019 Workshop on Explainable Artificial Intelligence (#3) - https://sites.google.com/view/xai2019/home 55 paper submitted in 2019

• IJCAI 2019 Workshop on Optimisation and Explanation in AI (#1) - https://www.doc.ic.ac.uk/~kc2813/OXAI/

• SIGIR 2019 Workshop on Explainable Recommendation and Search (#2) https://ears2019.github.io/

• ICAPS 2019 Workshop on Explainable Planning (#2)- https://kcl-planning.github.io/XAIP-Workshops/ICAPS_2019 23 papers submitted in 2019 https://openreview.net/group?id=icaps-
conference.org/ICAPS/2019/Workshop/XAIP

• KDD 2019 Workshop on Explainable AI for fairness, accountability, and transparency (#1) – https://xai.kdd2019.a.intuit.com

• ICCV 2019 Workshop on Interpreting and Explaining Visual Artificial Intelligence Models (#1) - http://xai.unist.ac.kr/workshop/2019/

• NeurIPS 2019 Workshop on Challenges and Opportunities for AI in Financial Services: the Impact of Fairness, Explainability, Accuracy, and Privacy - https://sites.google.com/view/feap-ai4fin-2018/

• CD-MAKE 2019 – Workshop on Explainable AI (#2) - https://cd-make.net/special-sessions/make-explainable-ai/

• AAAI 2019 / CVPR 2019 Workshop on Network Interpretability for Deep Learning (#1 and #2) - http://networkinterpretability.org/ - https://explainai.net/

• IEEE FUZZ 2019 / Advances on eXplainable Artificial Intelligence (#2) - https://sites.google.com/view/xai-fuzzieee2019 

• International Conference on NL Generation - Interactive Natural Language Technology for Explainable Artificial Intelligence (EU H2020 NL4XAI; #1) - https://sites.google.com/view/nl4xai2019/

Challenge:

• 2018: FICO Explainable Machine Learning Challenge (#1) - https://community.fico.com/s/explainable-machine-learning-challenge

https://xaitutorial2019.github.io/
https://xaitutorial2019.github.io/
http://interpretable-ml.org/icip2018tutorial/
http://interpretable-ml.org/embc2019tutorial/
https://interpretablevision.github.io/
https://sites.google.com/view/kdd19-explainable-ai-tutorial
http://www.semantic-explainability.com/
https://sites.google.com/view/xai2019/home
https://www.doc.ic.ac.uk/~kc2813/OXAI/
https://ears2019.github.io/
https://kcl-planning.github.io/XAIP-Workshops/ICAPS_2019
https://openreview.net/group?id=icaps-conference.org/ICAPS/2019/Workshop/XAIP
https://xai.kdd2019.a.intuit.com/
http://xai.unist.ac.kr/workshop/2019/
https://sites.google.com/view/feap-ai4fin-2018/
https://cd-make.net/special-sessions/make-explainable-ai/
http://networkinterpretability.org/
https://explainai.net/
https://sites.google.com/view/xai-fuzzieee2019
https://sites.google.com/view/nl4xai2019/
https://community.fico.com/s/explainable-machine-learning-challenge


(Some) Software Resources

• DeepExplain: perturbation and gradient-based attribution methods for Deep Neural Networks interpretability. github.com/marcoancona/DeepExplain

• iNNvestigate: A toolbox to iNNvestigate neural networks' predictions. github.com/albermax/innvestigate

• SHAP: SHapley Additive exPlanations. github.com/slundberg/shap

• Microsoft Explainable Boosting Machines. https://github.com/Microsoft/interpret

• GANDissect: Pytorch-based tools for visualizing and understanding the neurons of a GAN. https://github.com/CSAILVision/GANDissect

• ELI5: A library for debugging/inspecting machine learning classifiers and explaining their predictions. github.com/TeamHG-Memex/eli5

• Skater: Python Library for Model Interpretation/Explanations. github.com/datascienceinc/Skater

• Yellowbrick: Visual analysis and diagnostic tools to facilitate machine learning model selection. github.com/DistrictDataLabs/yellowbrick

• Lucid: A collection of infrastructure and tools for research in neural network interpretability. github.com/tensorflow/lucid

• LIME: Agnostic Model Explainer. https://github.com/marcotcr/lime

• Sklearn_explain: model individual score explanation for an already trained scikit-learn model. https://github.com/antoinecarme/sklearn_explain

• Heatmapping: Prediction decomposition in terms of contributions of individual input variables

• Deep Learning Investigator: Investigation of Saliency, Deconvnet, GuidedBackprop and more. https://github.com/albermax/innvestigate

• Google PAIR What-if: Model comparison, counterfactual, individual similarity. https://pair-code.github.io/what-if-tool/

• Google tf-explain: https://tf-explain.readthedocs.io/en/latest/

• IBM AI Fairness: Set of fairness metrics for datasets and ML models, explanations for these metrics. https://github.com/IBM/aif360

• Blackbox auditing: Auditing Black-box Models for Indirect Influence. https://github.com/algofairness/BlackBoxAuditing

• Model describer: Basic statiscal metrics for explanation (visualisation for error, sensitivity). https://github.com/DataScienceSquad/model-describer

• AXA Interpretability and Robustness: https://axa-rev-research.github.io/ (more on research resources – not much about tools)

http://github.com/marcoancona/DeepExplain
https://github.com/albermax/innvestigate
https://github.com/slundberg/shap
https://github.com/Microsoft/interpret.
https://github.com/CSAILVision/GANDissect
https://github.com/TeamHG-Memex/eli5
https://github.com/datascienceinc/Skater
https://github.com/DistrictDataLabs/yellowbrick
https://github.com/tensorflow/lucid
https://github.com/marcotcr/lime
https://github.com/antoinecarme/sklearn_explain
https://github.com/albermax/innvestigate
https://pair-code.github.io/what-if-tool/
https://tf-explain.readthedocs.io/en/latest/
https://github.com/IBM/aif360
https://github.com/algofairness/BlackBoxAuditing
https://github.com/DataScienceSquad/model-describer
https://axa-rev-research.github.io/


(Some) Initiatives: XAI in USA

Challenge 
Problem
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Framework
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TA 2: 
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Model of 
Explanation

TA 1:
Explainable 
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ArduPilot & 

SITL Simulation

Data Analytics
Multimedia Data

Explanation 
Measures
• User Satisfaction
• Mental Model
• Task Performance
• Trust Assessment
• Correctability

Le
ar

ni
ng

 
Pe

rfo
rm

an
ce

Explanation 
Effectiveness

• Psych. Theory 
of Explanation

• Computational 
Model

• Consulting

Teams that provide 
prototype systems 
with both 
components:

• Explainable 
Model

• Explanation 
Interface

Deep
Learning

Teams

Interpretable
Model
Teams

Model
Induction

Teams

▌ TA1: Explainable Learners

Explainable learning systems that include both an explainable model and an explanation interface

▌ TA2: Psychological Model of Explanation

Psychological theories of explanation and develop a computational model of explanation from those theories 



• DEEL (Dependable Explainable Learning) Project 2019-2024
• Research institutions

• Industrial partners

• Academic partners
• Science and technology to develop new methods towards Trustable and Explainable AI

System Robustness
- To biased data
- Of algorithm
- To change
- To attacks

Certificability
- Structural warranties
- Risk auto evaluation
- External audit

Explicability & 
Interpretability

Privacy by design
- Differential privacy
- Homomorphic coding
- Collaborative learning
- To attacks

(Some) Initiatives: XAI in Canada



(Some) Initiatives: XAI in EU



Conclusion



Why do we Need XAI by the Way?

• To empower individual against undesired effects of automated decision 
making 

• To reveal and protect new vulnerabilities
• To implement the “right of explanation”
• To improve industrial standards for developing AI-powered products, 

increasing the trust of companies and consumers
• To help people make better decisions
• To align algorithms with human values 
• To preserve (and expand) human autonomy
• To scale and industrialize AI



Why do we Need Knowledge Graphs to Achieve XAI?

Lumbermill - .59

Because this is 
not an explanation 
from an intelligent 

system

This is even not 
interpretable, and 

then not actionable



Conclusion

• Explainable AI is motivated by real-world applications in AI

• Not a new problem – a reformulation of past research challenges in AI

• Knowledge graphs should be foundational for XAI

• But they are facing challenges related to their integration (data mapping)

• Many industrial applications already – crucial for AI 
adoption in critical systems



• [Data] Machine learning experts do not buy the data – knowledge 
mapping

• [Explanation] There is no agreement on what an explanation is
• [Explanation] There is not a formalism for explanations (neither 

model nor output)
• [Model] There is very limited work in machine learning modules 

composability – and none from a semantics perspective
• [Model] There is no work on describing and representing models
• [Model] What are disentangled representations and how can its 

factors be quantified and detected?
• [Human-in-the-loop] There is no work that seriously addresses the 

problem of quantifying the grade of comprehensibility of an 
explanation for humans

Open Research Questions for the Semantic Web / Knowledge Graph Community
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