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We elaborate on the idea that ñThe Networkò  encapsulates 

knowledge.

Inferential/diffusion geometries on digital data graphs, 

enable the organization and analysis of empirical data 

as well as "signal processing" of functions on data.

In particular we will describe various natural multiscale 

structures on data which enable automatic ontology and 

ñlanguage buildingò  for abstract digital data.

These developments extend geometries of spectral 

graph theory,  kernel machines and other machine 

learning tools.



Digital data clouds can be organized through an affinity 

kernel  A(x,y) where expert knowledge enters to build 

associations between documents. Such affinity is only 

robust for ñnearest neighborsò.

Two basic approaches for organizing data

I. Hierarchical folder building and clustering , a bottom up 

approach which propagates or diffuses affinity between 

documents=points . Can be achieved through probabilistic 

model building and statistical/combinatorial  ñbook 

keepingò on the data 

II. A dimensional reduction approach which embeds the data 

in low dimensional Euclidean space , through the use of 

eigenvectors of the affinity kernel A (or related Matrix)  

followed by clustering and processing in that dimension.



These two approaches, seemingly different, can be 

shown to be  mathematically equivalent through the 

introduction of multiscale ñinferential folderò 

structures based on affinity diffusions.

The eigenvectors are global functions on the data 

which ñintegrateò  precisely  the local ñinfinitesimalò 

affinity  geometry. 

Conversely ñwavelet likeò functions  defined by 

affinity folders enable efficient ñinformed 

embeddingsò of the data in low dimensional spaces. 

(As well as an efficient synthesis of the 

eigenfunctions .)



Overview

ÅEigenvector ñmagicò.

Å Diffusion geometry , eigenvectors as an 

extension of Newtonian calculus.

Å Multiscale geometry , localization of eigenvectors 

folder geometries or automatic ontologies. (the 

Zygmund program)

Å The analysis of operators ,or data matrices such 

as questionnaires .



We now illustrate the relation to multiscale organization

Each puzzle piece is linked to its neighbors (in ñfeature 

spaceò )  the network of links forms a sphere. 

A parameterization of the sphere can be obtained from  the 

eigenvectors of the inference matrix relating affinity links 

between pieces (diffusion operator).



We illustrate the role of graph harmonic analysis to process 
complex data such as  images .

Given an image, associate with each pixel p a vector v(p) 
of features . For example  the 5x5 subimage centered at the 
pixel ,or any combination of features . Define a Markov 
matrix A as 

We claim that  the eigenvectors of this matrix  
contain all the geometric information concerning the 
structure of the image 


