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Emergence

• Novel behavior

• Properties of the whole

• Cannot be predicted from properties of the 
components that make up the system







The Pauli Exclusion Principle

It is impossible for two electrons of a

poly-electron atom to have the same

values of the four quantum numbers: n,

the principal quantum number, ℓ,

the angular momentum quantum

number, mℓ, the magnetic quantum

number, and ms, the spin quantum

number. For example, if two electrons

reside in the same orbital, and if their n, ℓ,

and mℓ values are the same, then

their ms must be different, and thus the

electrons must have opposite half-integer

spin projections of 1/2 and −1/2.

https://en.wikipedia.org/wiki/Quantum_number
https://en.wikipedia.org/wiki/Principal_quantum_number
https://en.wikipedia.org/wiki/Angular_momentum_quantum_number
https://en.wikipedia.org/wiki/Magnetic_quantum_number
https://en.wikipedia.org/wiki/Spin_quantum_number
https://en.wikipedia.org/wiki/Atomic_orbital


Periodic Table



Morowitz’s Three Claims

(i) PEP is a nondynamical principle, but it 

influences the dynamical behavior of 

electrons.

(ii) PEP has nothing to say about the 

behavior of individual electrons.

(iii) PEP is unrelated to the other laws of 

physics.



How does the 
[mind] work ?

Molecules/
Genes

Neurons/Synapses Neuronal circuits Systems of neurons Brain regions

Data & state
Representation
+ algorithms

Behavior/Cognition



How does my favorite app work?

Molecules/
Genes

Neurons/Synapses Neuronal circuits Systems of neurons Brain regions

Data & state
Representation
+ algorithms

How does the [mind] work ?

Transistor IC
CPU/GPU Motherboard Kernel

Algorithm 
application

User Interface

"You, your joys and your sorrows, your memories and your ambitions, your sense of
personal identity and free will, are in fact no more than the behavior of a vast assembly
of nerve cells and their associated molecules“

-- Francis Crick (Co-discover of the structure of DNA)







Sigmund Freud













Data Science





















Digital vs Analog World



Deep Learning



Big Data
Correlation vs Causation

Is correlation more important than causation?

Correlations play an important role as heuristic devices
[but] have to be further analyzed [. . .] to assign them a
meaning”

The correlations may not tell us precisely why
something is happening, but they alert us that it is
happening.



Thomas Kuhn:
Anomalies, by definition, For such discoveries to
occur, establishing that there is something that does
not match our expectations is not enough. We have
also to find out what it is. This process does not arise
directly from data or numbers, but rather from a
change in how we look at them, and it involves a
reassessment of our beliefs and methodologies.

Big Data
Correlation vs Causation



“Big Data, distributed computing and sophisticated 
data analysis all played a crucial role in the discovery of 
the Higgs boson [. . .] But the discovery of the Higgs 
boson was not data-driven.”

“The data-driven approach constitutes a novel tool 

for scientific research. Yet this does not imply that 

it will supersede cognitive and methodological
procedures. . .”

Big Data
Correlation vs Causation



How does the Brain solve visual 
objective recognition

Some Applications





Natural images vs artificial vision system



The phenomenon of synchronization 

• Circadian rhythms

• Electrical generators

• Heart, intestinal muscles

• Menstrual cycles

• Fireflies

• Applause (esp in Eastern Europe)





The dynamic emergence of coherent physiological activity, such as phase-locked

high-frequency electromagnetic oscillations,







Political Blogs



Texting



Automated Detection of Deceptive Language-Action Cues









Sparse multi-sensor 

data

Develop travel time field and route choice information

URBAN 

TRAFFIC

Heterogeneity

• Spatial and Temporal

• Congestion Level

• Topology

• Modes of transport

• Sensing equipment

Pictures provided by 

Armando Bazzani (Un. of 

Bologna)




