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Mathematics is a culture ofMathematics is a culture of  
humankindhumankind

Babylonian MathematicsBabylonian Mathematics
Arabic, Chinese, Greek, Japanese 
Mathematics

Euclidean geometryEuclidean geometry

the brain structurethe brain structure
the concept of number- animal, chimpanzee
geography mouse geometrygeography- mouse, geometry
-human: abstract thinking



The Brain Structure
th l f thi ki thi t-the pleasure of thinking things out

abstract thinking

games puzzlesgames, puzzles

mathematics, culture



Th i d t h lThe science and technology 
in the 21st centuryin the 21 century

What is human?What is human?

What is society?What is society?
Physics

Mathematical scienceMathematical science

Biology fusiongy

Information scienceMathematical thinking
Human science

Mathematical thinking



PhysicsPhysics-- a huge empirea huge empire

Theory of relativityTheory of relativity Condensed Condensed nanotechnologynanotechnology
matter physicsmatter physics

Quantum mechanicsQuantum mechanics electronicselectronics

EconomicsEconomics BiologyBiology ChemistryChemistry Complex systemsComplex systems … information mathematics… information mathematicsEconomicsEconomics BiologyBiology ChemistryChemistry Complex systems Complex systems … information     mathematics… information     mathematics



BiologyBiology ReductionismReductionism

Natural historyNatural history Molecular biologyMolecular biology GenesGenes
BiotechnologyBiotechnology

Diversity of speciesDiversity of species Structure and functionStructure and functionDiversity of speciesDiversity of species
Fundamental principles of lifeFundamental principles of life

Structure and functionStructure and function

Brain/System biologyBrain/System biology



Information science/engineeringInformation science/engineeringInformation science/engineeringInformation science/engineering
Turing and Turing and GGögel’sgel’s CurseCurse

Telephone Telephone 
radioradio

Information theoryInformation theory
cyberneticscybernetics

InternetInternet
radioradio cyberneticscybernetics

ComputerComputer
Information Information 

Vacuum Vacuum 
tubetube

ComputerComputer
TransistorTransistor societysociety

tubetube

Artificial Intelligence ,Robots, 
Brain, Bioinformatics



MathematicsMathematics-- an ivory toweran ivory towerMathematicsMathematics an ivory toweran ivory tower

Modern mathematicsModern mathematics
BourbakiBourbaki

Mathematical Mathematical 
sciencessciences

physics informatics engineering biologyphysics informatics engineering biologyphysics        informatics       engineering    biologyphysics        informatics       engineering    biology



The mathematical principle of 
information: the amount ofinformation: the amount of 
informationinformation

A or B? -1 bitA or B? -1 bit

A B C : k charactersA,B,C… : k characters

ｆ（ｋ） bitsｆ（ｋ） bits



The additivity of information}m
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Information and probabilityInformation and probability

p = 1/k
f(p) = -log p = log kf(p)  log p  log k
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information, probability
Information source 21 3x x x L

{ }P b iInformation entropy { }Probip x i= =

lH ∑ logi iH p p= −∑



Information contractionInformation contraction
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Law of large numbersg
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InformationInformation 
transfertransfer

facsimile image audiofacsimile, image, audio,…

information d d
informationinformation

compress decode

transfertransfer



Information transfer: speechInformation transfer: speech 
pathpath

Speech decodecompress
Speec

path decode

noisenoise: error

X 0 0Y
0 1

0

q

q1X 1 1Y 0 q1



M t l i f tiMutual information
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Information capacity: ( )1C H q= −



Shannon’s great discovery:g y
transfer without errors

010 0L n digits

010 0L nC digits

transfer
C di it C di itencode decodenC digits

n digits

nC digits

The Probability of error is “0” !



Signal and codeSignal and code
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N-dimensional ball andN dimensional ball and 
intersection
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Error correcting code：Hamming code

Computers CDsComputers, CDs, …
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Galois field, algebraic geometry codes



Information geometryInformation geometryInformation geometryInformation geometry

Controlling
systems Information theory

Statistical
science

systems
Neural networks

Information theory

physicsInformation 
science

th Artificial

Optimization,
combination

math Artificial 
Intelligence

Riemann manifolds- dual connection structure

Manifolds of probability distribution family



What is Information geometry?What is Information geometry?What is Information geometry?What is Information geometry?
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Riemann geometryRiemann geometry
Dual affine connection
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The invariance principle:The invariance principle:The invariance principle:The invariance principle: ( ){ },S p x= θThe invariance principle:The invariance principle:The invariance principle:The invariance principle: ( ){ },p

11 Independent of the parameterizationIndependent of the parameterization1. 1. Independent of the parameterizationIndependent of the parameterization
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the probability variablethe probability variable
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The two geometrical structureThe two geometrical structureThe two geometrical structureThe two geometrical structure
Riemannian and affine connectionRiemannian and affine connection
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Affine connection
affine connection

covariant derivativecovariant derivative

X=X X=X(t)
c X YΠ =

Π & &測地線geodesics    X X   X X(t)Π測地線geodesics

( ) i j
ijs g d dθ θ θ= ∑∫

minimal distance
straight lineg



GeometryGeometry
E lidEuclid

Bolyai LobachevskyBolyai, Lobachevsky

GaussGauss

Riemann

Einstein

String theory



Two affine connectionsTwo affine connections ( ), ∗∇ ∇

ee--geodesicgeodesic

( )
*( , )Π Πee geodesicgeodesic

( ) ( ) ( ) ( ) ( )log , log 1 logr x t t p x t q x c t= + − +

mm--geodesicgeodesic

( ) ( ) ( ) ( ), 1r x t tp x t q t= + −

( )q x

( )p x



Neuronal firingg

1x 2x 3x nx

1 2 i( ) ( , ,..., ),    0,1np p x x x x= =x
[ ]i iE xη = ---- firing rate

[ , ]ij i jv Cov x x= ----correlation

What is higher-order correlations?
Are they orthogonally decomposable?y g y p



P b bili ti i fProbabilistic inference
( )( , , , , )p x y z r s

( | )p x y z r s( , , | , )p x y z r s
, , ,... 1, 1x y z = −


