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What What wouldwould ""understandunderstand" " meanmean for a machine?for a machine?

 A few challenges for AI

 What do AI techniques really do?

 Can we bring AI closer to natural intelligence ?
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A few challenges A few challenges 
for AIfor AI One-shot learning

Criminal investigation

Unicorn

“One swallow does not thirst quench”

“Delete all images that are duplicated”

1,2,2,3,3,3,4,4,4,4

“prevent”, “around”, “together”, “abdicate”

« Pain cuit toute la journée »
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EachEach contextcontext isis uniqueunique

Criminal investigation

 Limits of extrapolation from data

age of the victim
age of her children or parents
time of the crime
color of the room
. . .

38% murdered women are killed by their male partner

alibi ?
No unders

tanding!

decision
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EachEach objectobject isis uniqueunique

 background knowledge

One-shot learning

“buffet plate clip for wine glass”

Goulden, R., Nation, P. & Read, J. (1990). 
How large can a receptive vocabulary be?
Applied linguistics, 11 (4), 341-363. 

A child learns about four+ 
new words a day 
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 Statistical learning 
can achieve 
one-shot learning !

Zhang, L., Xiang, T. & Gong, S. (2017). 
Learning a deep embedding model 
for zero-shot learning. ArXiv, 1611.05088v3. 

Lake, B., Salakhutdinov, R., Gross, J. & Tenenbaum, J. B. (2011). One shot learning of simple 
visual concepts. COGSCI-2011, 2568-2573. 
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Lake, B., Salakhutdinov, R., Gross, J. & Tenenbaum, J. B. (2011). One shot learning of simple 
visual concepts. COGSCI-2011, 2568-2573. 

Some level of under
standing

?
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EachEach situation situation isis uniqueunique

 Anomalies

“horse”

No unders
tanding!
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EachEach pattern configuration pattern configuration isis uniqueunique

 Structures

1,2,2,3,3,3,4,4,4,4 . . .

1,2,2,3,3,3,4,4,4,4,4,4,3,4

No unders
tanding!
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Invisible patternsInvisible patterns

 Relations

“prevent”, “around”, “together”, “abdicate”
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Santoro, A., Raposo, D. et al. (2017). A simple neural network module for relational reasoning. 
NIPS 2017, 4967-4976. 

left_of(x, y)

right_of(y, x)
No unders

tanding!
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UnderstandUnderstand meaningmeaning

Victorri, B. (1998). La construction dynamique du sens: 
un défi pour l'Intelligence Artificielle. RFIA'98. 

No unders
tanding!
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UnderstandUnderstand meaningmeaning

 semantic proximity ≠ semantics

“One swallow does not thirst quench”

Hofstadter, D. R. (2018). 
The shallowness of Google Translate. 
The Atlantic, , Jan, 30. 

(alluding to ‘One swallow does not a summer make’)

« Une hirondelle n’aspire pas la soif »
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UnderstandUnderstand meaningmeaning

 semantic proximity ≠ semantics

Hofstadter, D. R. (2018). 
The shallowness of Google Translate. 
The Atlantic, , Jan, 30. 

In their house, everything comes in pairs. There's his car and her car, 
his towels and her towels, and his library and hers.

Dans leur maison, tout vient en paires. Il y a sa voiture et sa voiture, 
ses serviettes et ses serviettes, sa bibliothèque et les siennes.

At home, they have everything in double. There is his own car and his own car, his own
towels and his own towels, his own library and his own library.

Chez eux, ils ont tout en double. Il y a sa voiture à elle et sa voiture à lui, ses serviettes à elle 
et ses serviettes à lui, sa bibliothèque à elle et sa bibliothèque à lui.

No unders
tanding!
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UnderstandUnderstand situationssituations

 relevance

“Delete all images that are duplicated”

No unders
tanding!
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A few challenges A few challenges 
for AIfor AI One-shot learning

Criminal investigation

Unicorn

“One swallow does not thirst quench”

“Delete all images that are duplicated”

1,2,2,3,3,3,4,4,4,4

“prevent”, “around”, “together”, “abdicate”

« Pain cuit toute la journée »
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What What wouldwould ""understandunderstand" " meanmean for a machine?for a machine?

 A few challenges for AI

 What do AI techniques really do?

 Can we bring AI closer to natural intelligence ?
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What do (current) AI techniques really do?What do (current) AI techniques really do?

 Continuous function
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What do (current) AI techniques really do?What do (current) AI techniques really do?

 Continuous function
 Learn "almost" by heart
 Interpolate temperature

hat sales
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Can Can wewe do do betterbetter??

A & B  C
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What What wouldwould ""understandunderstand" " meanmean for a machine?for a machine?

 A few challenges for AI

 What do AI techniques really do?

 Can we bring AI closer to natural intelligence ?
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What What wouldwould ""understandunderstand" " meanmean for a machine?for a machine?

 Can we bring AI closer to natural intelligence ?

 Contrast

 Simplicity principle

 … and other mechanisms
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ContrastContrast

Gärdenfors, P. (2000). 
Conceptual spaces: The geometry of thought.
MIT Press. 

Gärdenfors, P. (2000). 
Conceptual spaces: The geometry of thought.
MIT Press. 

based on:
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ContrastContrast

Gärdenfors, P. (2000). 
Conceptual spaces: The geometry of thought.
MIT Press. 

Gärdenfors, P. (2000). 
Conceptual spaces: The geometry of thought.
MIT Press. 

based on:
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ContrastContrast

Predication: a small bacterium vs. a small galaxy

Negation: this isn’t a sport

Systematicity: red apple, red pear
One-shot learning

Structure: AABABC

Analogy:  queen : king :: woman : x

XAI: mortage denial

Relevant descriptions: Elvis

Metaphor: red face

Anomaly detection

Fiction: a flying pig

Dessalles, J.-L. (2015). From conceptual spaces to predicates. 
In Applications of conceptual spaces: 
The case for geometric knowledge representation.
Springer.

Sileno, G., Bloch, I., Atif, J. & Dessalles, J.-L. (2017). 
Similarity and contrast on conceptual spaces
for pertinent description generation. 
KI 2017
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ContrastContrast

contrast

redness

A red face is not really red, 
but the difference with a
standard face is close to the
prototype of redness.
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ContrastContrast
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PredicationPredication

“a small bacterium” vs. “a small galaxy”
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ContrastContrast
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OneOne--shotshot learninglearning

“fuchsia”
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ContrastContrast
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PO

P(x)not P(x)

x

F

NegationNegation throughthrough contrastcontrast: a : a dynamicdynamic processprocess

table 
tennis

typical
sport

run

sport non-sport

OP
V

[talking about table tennis] 
H- Oh ! That’s not a sport !
D- Well, you do sweat !
H- If you don’t have to run, it isn’t a sport.
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ContrastContrast
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One-shot learning

Structure: AABABC
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Anomaly detection

Fiction: a flying pig
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Normality?
Normality?

AnomalyAnomaly detectiondetection
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AnomalyAnomaly detectiondetection

Contrast of xn against {xi} predicate f

Series of events {xi}.

E = {xi | f(xi)}Criterion: log(n)  C(f) + log(|E|)
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ContrastContrast

Contrast = a necessary step closer to “understanding”

but an ingredient is missing… Relevance!
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What What wouldwould ""understandunderstand" " meanmean for a machine?for a machine?

 Can we bring AI closer to natural intelligence ?

 Contrast

 Simplicity principle

 … and other mechanisms
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Simplicity principleSimplicitySimplicity principleprinciple

5,5,5,5,5

C  minimal
 max. compr. n*n

Induction

most probable continuation?

Solomonoff, R. J. (1964). 
A Formal Theory of Inductive Inference. 
Information and Control, 7 (1), 1-22. 

1,2,2,3,3,3,4,4,4,4,

 Induction

www.dessalles.fr 42

n appears n times; floor(sqrt(2n) + 1/2). 
1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 
9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 
12, 12, 12, 12, 13, 13, 13, 13, 13, 13 

n appears partition(n) times. 
0, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 4, 5, 5, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 
7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9,
9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 10 

Number of digits in lazy-Fibonacci-binary representation of n. 
1, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 4, 5, 5, 5, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 7, 
7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8,
8, 8, 8, 8, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9, 9

Write n = C(i,3)+C(j,2)+C(k,1) with i>j>k>=0; sequence gives j values. 
1, 1, 2, 2, 1, 2, 2, 3, 3, 3, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 5, 5, 1, 2, 2, 
3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 
7, 7, 7, 7, 7, 7, 7, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 
8, 8, 1, 2, 2 

Positive integers a for which there is a 10-Pythagorean triple (a,b,c) satisfying a<=b. 
1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 9, 10, 10, 10, 
10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 13, 13, 13, 13, 14, 14, 14, 14, 14, 14, 14, 14, 15, 
15, 15, 15, 15, 15, 15, 15 

The Kruskal-Macaulay function M_2(n). 
0, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 5, 5, 5, 5, 5, 6, 6, 6, 6, 6, 6, 7, 7, 7, 7, 7, 7, 7, 8, 8, 8, 8, 8, 8, 8, 8, 9, 9, 9, 9, 
9, 9, 9, 9, 9, 10, 10, 10, 10, 10, 10, 10, 10, 10, 10, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 11, 12, 12, 12, 12, 12, 12, 12, 12, 
12, 12, 12, 12, 13, 13, 13, 13, 13, 13 

Triangle read by rows in which row n contains a finite triangle as shown below. 
1, 1, 2, 2, 2, 3, 2, 1, 2, 2, 1, 1, 2, 2, 3, 3, 3, 3, 4, 4, 3, 3, 4, 5, 4, 3, 2, 3, 4, 4, 3, 2, 1, 2, 3, 3, 3, 2, 1, 1, 2, 2, 3, 
3, 3, 4, 4, 4, 4, 4, 5, 5, 5, 4, 4, 5, 6, 6, 5, 4, 4, 5, 6, 7, 6, 5, 4, 3, 4, 5, 6, 6, 5, 4, 3, 2, 3, 4, 5, 5, 5, 4, 3, 2, 1, 
2, 3, 4, 4, 4, 4, 3, 2, 1, 1, 2, 2, 3, 3, 3, 4, 4, 4, 4, 5 

1,2,2,3,3,3,4,4,4,4
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Simplicity principleSimplicitySimplicity principleprinciple
Chater, N. (1999). 
The search for simplicity: 
A fundamental cognitive principle?
The Quarterly J. of Exp. Psychol., 52 (A), 273-302. 

      xpMplxC p  :min

Kolmogorov complexity

"comprehension is compression"
Chaitin, G. J. (2004). 
On the intelligibility of the universe and the notions 
of simplicity, complexity and irreducibility. 
Grenzen und Grenzüberschreitungen, XIX, 517-534. 

Complexity C(s) of s : 
size of the smallest available
description of s

www.dessalles.fr 44

Murena, P.-A., Dessalles, J.-L. & Cornuéjols, A. (2017). 
A complexity based approach for solving Hofstadter's analogies. 
ICCBR-WS 2017, 53-62. 

abc abd

ppqqrr ppqqss

Simplicity principleSimplicitySimplicity principleprinciple

 Analogy making

Cornuéjols, A. (1996). 
Analogie, principe d'économie et complexité algorithmique. 
Actes des 11èmes Journées Françaises de l'Apprentissage. 

'ppqqss' = argminx C('abc', 'abd', 'ppqqrr', x)

(talk, talked)  (solve, solved) 
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N objects, n classes

log2(N) bits   log2(n) bits

(lossy compression)

Simplicity principleSimplicitySimplicity principleprinciple
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Simplicity theorySimplicitySimplicity theorytheory

U = Cexp – Cobs Dessalles, J.-L. (2006).
A structural model of intuitive probability. 
7th Int. Conf. on Cognitive Modeling, 86-91. 

Unexpectedness = expected complexity  observed complexity

www.simplicitytheory.science  Unexpectedness
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Simplicity theorySimplicitySimplicity theorytheory

U = Cexp – Cobs
Dessalles, J.-L. (2008). 
Coincidences and the encounter problem: A formal account. 
CogSci.

Unexpectedness = expected complexity  observed complexity

You, here?
Do we know
each other?

No, but anyway.

What were

the odds?

U = C(L) – C(P)

Complexity 
of the location

Complexity of the 
encountered person
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Lincoln & KennedyLincoln & KennedyLincoln & Kennedy

 To be explained:
 Role of close analogy
 Role of mere association 
 Role of round numbers
 Role of prominence

"Lincoln was elected to Congress in 1846, Kennedy was elected to Congress in 1946." 

"Lincoln was elected president in 1860, Kennedy was elected president in 1960." 

"Both presidents have been shot in the head on a Friday in presence of their wives."

"Both successors were named Johnson, born in 1808 and 1908." 

"Kennedy was shot in a car named Lincoln“

…

"creepy coincidences" between Abraham Lincoln and John F. Kennedy 

U(e1*e2) > Cw(e1) + Cw(e2) – C(e1) – C(e2|e1) 

U(e1*e2) = C(e1)  C (e2|e1)

Kern, K. & Brown, K. (2001). Using the list of creepy coincidences
as an educational opportunity. The history teacher, 34 (4), 531-536. 

U(e1*e2) = Cw(e1*e2) – C(e1*e2) 
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Simplicity theorySimplicitySimplicity theorytheory

U = Cexp – Cobs

Unexpectedness = expected complexity  observed complexity

E = Eh + U

 Rarity
 Proximity
 Anomaly
 Coincidences
 Relevance
 Responsibility
 Emotion intensity

U > log N – log P – C(f) – C(r)

U = 2  log(R / d) L = argmin(C(L) + 2log(dL))

U > A(k) – C(f) – C(r) U > C(H) – C(f) – C(r)

U = C(s1)  C (s2|s1)

Cw(f(s)) – C(f) > 0

Cw(s)  Cw(s || a)

www.simplicitytheory.science
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What What wouldwould ""understandunderstand" " meanmean for a machine?for a machine?

 Can we bring AI closer to natural intelligence ?

 Contrast

 Simplicity principle

 … and other mechanisms
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Cognitive Cognitive mechanismsmechanisms
 Semantics

 Contrast
 Aspect
 Semantic linking

 Relevance
 Complexity drop (ST)
 Conflict-Abduction-Negation

www.dessalles.fr 52

Intelligence Intelligence ““on the flyon the fly””

Pre-computed behavior
U = Cexp – Cobs

PO

P(x)not P(x)

x

F

Simplicity Theory

Contrast

Conflict-Abduction-Negation

PrecomputedPrecomputed IntelligenceIntelligence

No unders
tanding!
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A & B  C

ConclusionConclusion

Intelligence Intelligence 
““on the flyon the fly””

Simplicity theorySimplicity theory
ContrastContrast

 ConflictConflict--abductionabduction--negationnegation
 AspectAspect

 and much more and much more . . .. . .
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jean-louis @ dessalles.fr

www.dessalles.fr

www.simplicitytheory.scienceVisit:
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