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« “Je pense, donc je suis”

« Discourse on the Method of
Rightly Conducting One's
Reason and of Seeking Truth in
the Sciences (published in 1637)

* Since Descartes believed that all truths
were ultimately linked, he sought to

: uncover the meaning of the natural world

René Descartes with a rational approach, through science
(1596-1650) and mathematics

www. Wikipedia.com
www.biography.com
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In Critique of Pure Reason (1781-1787),
Immanuel Kant (1724-1804) tried to answer
three questions:

1. What can | know?

2. What should | do?

3. What may | hope?

"All our knowledge begins
with the senses, proceeds

and ends with reason.

There is nothing higher
than reason."

Immanuel Kant
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then to the understanding,




Prof. Jiming Liu, HKBU

9/13/2022

" Sensory
2=~  Intuition % A o
- & e =
Lty
v P2 A
Thing-in-fteelf Krowledge of the

“Thoughts without content are empty;
intuitions without conceptionsblind.”

- Kant

This is your brain on Kant.
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Kant's 4 Categories of Pure Understanding | ANew Lookat
B i, Immanuel Kant
(from his First Critique, 1781) @SourcePOV
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(c) 2012 Chris Jones @sourcepov
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"To See a World..."

(from "Auguries of Innocence* by William Blake, 1803)

To seea Worldin a

And a Heaven in a \
Hold Infinity in the

And Eternity in an

Source: Britannica ’

William Blake , ]
(1757-1827)
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Herbert Spencer: FirstPrinciples

i INSIDE!

* Spencer’s synthetic philosophy

Principles of Biology . . X i
Principles of Psychology « Sciences are classified according to the decreasing

Principles of Sociology simplicity and generality:
Principles of Ethics

I p— ¢ Mathematics, astronomy, physics, chemistry,
(1820-1903) biology and sociology

homogeneity to a coherent heterogeneity, accompanying the

“Evolution is definable as a change from an incoherent
dissipation of motion and integration of matter. (Spencer, 1864)"
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PRINCIPLE OF NON-INTERVENTION Alan Tu rlng: How Nature Works

Society is more like an ECOSYSTEM than an organism,
and it is more COMPLEX than any ogganism of ecosystem
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ECOSYSTEM : set of interacting species-populations:

net
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Alan Turing: How Nature Works

Reaction-Diffusion Systems
(Turing Systems)

dq = DAgq+R(qg)

I'HE CHEMICAL BASIS OF MORPHOGENESIS
By A. M. TURING, F.R.S. University of Manchester
(Received 9 November 1951—Revised 15 March 1962)

1 system of chemical substances, called morphogens, reacting together and
o o

It is suggested th

1_tissue, is_adequate to_account for the main pk of mor

diffusing throu
Such a system, although it may originally be quite homogeneous, may later develop a pattern
or structure due to an instability of the homogencous equilibrium, which is triggered off by
random disturbances. Such reaction-diffusion systems are considered in some detail in the case
of an isolated ring of cells, a mathematically convenient, though biologically unusual system.

cortinns afthe v of tondnn Series 737, 1952 an T7.77

Turing, & D the chemical
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Herbert Spencer: FirstPrinciples

i INSIDE!

Principles of Biology
Principles of Psychology

prinie ofSoilogy First Principles should be
’ sound & insightful

Herbert Spencer
(1820-1903)

“Evolution is definable as a change from an incoherent
homogeneity to a coherent heterogeneity, accompanying the
dissipation of motion and integration of matter. (Spencer, 1864)"
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George Zipf
(1902-1950)
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Zipf's law

+ Observation: frequent words and rare words
- "of" and “the” make up 10% of all occurrences

- hardly ever see "aardvark” - r );m" r Po%)
« Rank words by frequency the 2420778 1 649
g . of 1045733 2 280

« Zipf's law: to 968882 3 260
- rank of the word times its a 892,429 4 239
probability (frequency)is  and 865644 5 232
approximately a constant in 847,825 6 227

rx Pr = const .\..‘liii 504,593 135

for 363865 8 098

that 347072 9 093
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: &‘) Least effort principle

= Let C; be the cost of transmitting the j-th most
frequent word

C; ~log,j
= The average cost is
C:ZI;:1P]'CJ'
= The average information content is
H:—Z';:lpjlogzpj
= Minimizing cost per information unit C/H yields
p; ~ e
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George Zipf
(1902-1950)
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« Crashes in financial markets

« Dynamics of online popularity
« Scientific correspondence

¢ Human mobility patterns

» Spread of infectious diseases
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Human Behavior and the Principle
of Least Effort

Multi-Scale Mobility Networks and Gravity Law Fit

Duygu Balcan et al. PNAS 2009;106:21484-21489
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