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Intfroduction

Pervasive Al systems and daily living
Al in automation, healthcare, industry, smart cities...
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* trust?
* ...GDPR

increasing adoption of ML
(learning from data)
rather then

pre-programmed behaviors

Need for XAl

understandable —> control
robustness —> trust
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Intfroduction

The XAl approach

Providing means to interpret (open) the black-boxs
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> interpretation

+ tasks (e.g., classification and regression)
+ data (e.g., Images, text, or tables)
* predictors (e.g., neural networks, SVM)
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Intfroduction

From the XAl ambiguity to the abstract framework

Behind XAl:

* Lack of an "agreed” taxonomy
* reliance on informal notions about explainability, interpretability, or understandability

N\

often used interchangeably

contribution:

Clear and unambiguous definition of explanation and interpretation
proponi an abstract framework leveraging on the MAS approach
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Fundamentals

Interpretation

Definition: interpretation

A fuzzy and subjective property any object X may satisfy into some agent A's perspective

he interpretation is modelled as an observer-specific function Ia(z) — |0, 1]
he particular value of |a for some X is not that relevant (as long as comparisons are possible: La(x) > Ia(z") > I4(z")
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iINnterpretability of some object X is not an absolute property
(it only makes sense in presence of an observer A)
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Fundamentals

explanation

Definition: explanation

An objective activity any agent may pertorm to make an object X more interpretable

X' I1s more interpretable than X,

explaining an object X = searching for another object X' <X' has an high fidelity w.rt. X

An explanation can be modeled as a function E(X) — X’

whereas difference in fidelity is measured through a function Af(X, X’) — [0, c0)

a b ¢ d e fg a b ¢ d

S
S
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Fundamentals

Understandability

Definition: understandability

The soft goal pursued by an agent A willing to make a given object X interpretable to some observer B,
by looking for the right explanation
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Understandability in Data-Driven Intelligent Systems

ML-based Intelligent Systems

Commonly, agents leverage on ML
to learn tasks from data

Implies a predictor M to be trained on a given dataset (X,Y)

For any given task, many families of predictors may be suitable
(e.g., NN, SVM, decision trees, linear models, ...)

training aims at selecting the best predictor M w.r.t.
- chosen predictive performance measure
- the data at hand
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Understandability in Data-Driven Intelligent Systems

The role of representations in ML

Tightly coupled with understandability, interpretability of predictors plays a key role

as abstract objects,
are not directly interpretable

Detinition: Predictor representation

A predictor M may have one or more representations R(X, M),
describing its behavior for given input data X

: e.g., heatmaps, feature importance vectors, &

decision boundary plots, etc Representation are actually
interpretable by observers
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Understandability in Data-Driven Intelligent Systems
Local vs. Global Representation N—

Local Representation Global Representation

-2 ot | 0 1 2

Describe a predictor behavior w.r.t. a given portion Describe a predictor behavior w.r.t. the whole
of the input space (e.g., 1 instance) INput space
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Understandability in Data-Driven Intelligent Systems (1)

Representations Interpretability

Not all representation are equally interpretable

Nor a representation can fit all possible cases
(e.g., heatmaps are better suited for image classifiers)

Predictors families come with some natural representation
(with diverse degrees of interpretabily)

O Generalised linear models

O Decision trees

O K Nearest Neighbours

O Random Forest

O Support Vector Machines

Interpretability

O XGboost

O Neural Networks

Predictive Performance
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Understandability in Data-Driven Intelligent Systems (12)

Representations vs Explanation

. . change representation
To make a predictor M more interpretable for an agent A (search for a better explanation M’ = E(M)

, . L
+ make sense if (M has a higher fidelity

R(X, M") is more interpretable than any other R(X, M)

—xplaining a black-box predictor is about searching approximate models
amenable of more interpretable representations
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Understandability in Data-Driven Intelligent Systems

Example: Symbolic Knowledge Extraction (SKE)

Neural network Decision tree/rules

®» @ &
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e.g., symbolic knowledge extraction out of NN
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Understandability in Data-Driven Intelligent Systems

VS.
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Understandability in Data-Driven Intelligent Systems
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Social Dimension of Explainability
From intra-agent to inter-agents explainability: Towards XMAS

Davide Calvaresi Aqgent-Based XAl:Towards an Abstract Framework | !Auckland, NZ - 9/05/2020



Social Dimension of Explainability

From intra-agent to inter-agents explainability: Towards XMAS

Prevention of endless (diverging) explanations

- 1-to-1: Once reached the most granular representation of an information, the
agent say “no more additional information are available™ concluding the iterations
declaring the failure of the explanation;

o 1-to-n: In case of misalignment on the understanding of a given explanation,
techniques from defeasible reasoning [11] might be exploited to avoid the
failure of the explanation;

- m-to-n: Likewise the previous scenario, it is envisioned to possibly implement
defeasible reasoning. Moreover, mechanisms enabling explanation-support
among the n explanator might be developed to overcome the tailure for lack of

— specification.
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Social Dimension of Explainability

From intra-agent to inter-agents explainability: Towards XMAS
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Human - XMAS interaction via model reconciliation
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Conclusions & Future works

+ ML-powered Al is widely spread, but far from being a silver bullet

+ Need for Understandability is skyrocketing

+ XAl mostly focus on more interpretable representations (aka opening the Black-boxes)
+ Need for eradicating ambiguous notions and terms (still core of many discussions)

BG

‘ N * Interpretation and explanation properly defined proposing an abstract framework rooted in the MAS

* Extension of the conceptual framework towards the multi-agent scenario (user-2-agent and agent-2-agent)
* Design, development and validation of protocols for cooperative/competitive best explanation search

* Comparison, assessment, and generalization of SKE algorithms
(e.qg., dev libraries for SKE —> extending Sci-Kit Learn)

* Technological integration of SKE with symbolic frameworks
(e.q., tuProlog engine)

* Tackling m-to-n XMAS (the social dimension of XAl)

-V
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