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• Introduction
• Information measures

• entropy, conditional entropy
• mutual information

• Information channel
• Relative entropy 
• Mutual information decomposition 
• Inequalities
• Information bottleneck method 
• Entropy rate

OVERVIEW



• Claude Elwood Shannon, 1916-2001
• "A mathematical theory of communication", Bell System 

Technical Journal, July and October, 1948 
• The significance of Shannon's work
• Transmission, storage and processing of information
• Applications: physics, computer science, mathematics, 

statistics, biology, linguistics, neurology, computer vision, etc.

INTRODUCTION (1)



• Certain quantities, like entropy and mutual information, arise as the 
answers to fundamental questions in communication theory

• Shannon entropy is the ultimate data compression or the expected 
length of an optimal code

• Mutual information is the communication rate in presence of noise

• Book: T.M. Cover and J.A. Thomas, Elements of Information Theory, 
Wiley, 1991, 2006 

INTRODUCTION (2)



• Shannon introduced two fundamental concepts about "information" 
from the communication point of view
• information is uncertainty

• information source is modeled as a random variable or a random process
• probability is employed to develop the information theory

• information to be transmitted is digital 
• Shannon's work contains the first published use of "bit" 

• Book: R.W. Yeung, Information Theory and Network, Springer, 2008

INTRODUCTION (3)



• Random variable X taking values in an alphabet X

• Shannon entropy H(X), H(p): uncertainty, information, homogeneity, 
uniformity 

• information associated with x: -log p(x); base of logarithm: 2; convention: 0
log 0 = 0; unit: bit: uncertainty of the toss of an ordinary coin 

INFORMATION MEASURES (1)



• Examples:
• Entropy of a fair coin toss:

H(X) = -(1/2) log (1/2) –(1/2) log(1/2) = 1 bit

• Entropy of a fair die toss:
H(X) = -(1/6) log (1/6) –(1/6) log(1/6)…= 2.58 bits

INFORMATION MEASURES (2)



• Properties of Shannon entropy
•
• binary entropy:

•

INFORMATION MEASURES (3)



INFORMATION MEASURES (4)

H(0.010, 0.020, 0.030, 0.800, 0.080, 0.030, 
0.020, 0.010) = 1.211

H(0.125, 0.125, 0.125, 0.125, 0.125, 0.125, 
0.125, 0.125) = 3.000

H(0.001, 0.002, 0.003, 0.980, 0.008, 0.003, 
0.002, 0.001) = 0.190

H(0.200, 0.050, 0.010, 0.080, 0.400, 0.010, 
0.050, 0.200) = 2.314
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• Discrete random variable Y in an alphabet Y

• Joint entropy 

• Conditional entropy 

INFORMATION MEASURES (5)



• Communication or information channel X → Y

INFORMATION CHANNEL

X Y

1)|( =∑
∈Yy

xyp

p(X) p(Y|X)

p(Y)

p(X) p(Y)

p(Y|X)

Bayes' rule

p(Y|x)



• Mutual information I(X;Y): shared information, correlation, 
dependence, information transfer 

INFORMATION MEASURES (6)



• Relationship between information measures 

INFORMATION MEASURES (7)

H(X|Y)

I(X;Y)

H(Y|X)

H(X) H(Y)

H(X,Y)

Yeung's book: Chapter 3 establishes 
a one-to-one correspondence 
between Shannon's information 
measures and set theory. A number 
of examples are given to show how 
the use of information diagrams 
can simplify the proofs of many 
results in information theory.



INFORMATION MEASURES EXAMPLE



• Normalized mutual information: different forms

• Information distance 

INFORMATION MEASURES (8)

H(X|Y)

I(X;Y)

H(Y|X)

H(X) H(Y)

H(X,Y)



• Relative entropy, informational divergence, Kullback-Leibler distance 
DKL(p,q): how much p is different from q (on a common alphabet X)

• convention: 0 log 0/q= 0 and p log p/0=∞
• DKL(p,q)>=0
• it is not a true metric or "distance" (non-symmetric, triangular inequality is 

not fulfilled)
• I(X;Y)=DKL(p(X,Y),p(X)p(Y)) 

RELATIVE ENTROPY



MUTUAL INFORMATION



• Information associated with x

MUTUAL INFORMATION DECOMPOSITION

[DeWeese]

[Butts]



• Data processing inequality: if X -> Y -> Z is a Markov chain, then

No processing of Y can increase the information that Y contains
about X, i.e., further processing of Y can only increase our
uncertainty about X on average

• Jensen's inequality: a function f(x) is said to be convex over an 
interval (a,b) if for every x1, x2 in (a,b) and 0<=λ<=1

INEQUALITIES



• From the concavity of entropy,  Jensen-Shannon divergence

•

•

JENSEN-SHANNON DIVERGENCE

[Burbea]



• Communication or information channel X → Y

INFORMATION CHANNEL, MI AND JS

X Y
p(X) p(Y|X)

p(Y)

p(X) p(Y)

p(Y|X)
p(Y|x)



• Tishby, Pereira and Bialek, 1999 
• To look for a compressed representation of X which maintains the 

(mutual) information about the relevant variable Y as high as possible

INFORMATION BOTTLENECK METHOD (1)



• Agglomerative information bottleneck method: clustering/merging is 
guided by the minimization of the loss of mutual information  

• Loss of mutual information

• The quality of each cluster    is measured by the Jensen-Shannon divergence 
between the individual distributions in the cluster

INFORMATION BOTTLENECK METHOD (2)

[Slonim] 



• Communication or information channel X → Y

INFORMATION CHANNEL AND IB

X Y
p(X) p(Y|X)

p(Y)

p(X) p(Y)

p(Y|X)
p(Y|x)



• The information content of an image is expressed by the Shannon 
entropy of the (normalized) intensity histogram

• The entropy disregards the spatial contribution of pixels

EXAMPLE: ENTROPY OF AN IMAGE



• Information channel X → Y defined between the intensity
histogram and the image regions

EXAMPLE: IMAGE PARTITIONING (1)

YX

X Y

p(X) p(Y)

p(Y|X)
bi = number of pixels of bin i; 

rj = number of pixels of region j 
N = total number of pixels



EXAMPLE: IMAGE PARTITIONING (2)
information bottleneck method

information gain

at each step, increase of I(X;Y) = decrease of H(X|Y)



EXAMPLE: IMAGE PARTITIONING (3)

0.1; 13; 0.00

1; 234238; 89.35 0.9; 129136; 49.26 0.8; 67291; 25.67 0.7; 34011; 12.97 0.6; 15316; 5.84

0.0; 5597; 2.140.4; 1553; 0.590.3; 330; 0.130.2; 64; 0.02



• Shannon entropy

• Joint entropy

• Entropy rate or information density

ENTROPY RATE
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Viewpoint metrics and applications

Mateu Sbert
University of Girona, Tianjin University



• Automatic selection of the most informative viewpoints is a very useful focusing
mechanism in visualization

• It can guide the viewer to the most interesting information of the data set
• A selection of most informative viewpoints can be used for a virtual walkthrough or a 

compact representation of the information the data contains
• Best view selection algorithms have been applied to computer graphics domains, such as 

scene understanding and virtual exploration, N  best views selection , image-based 
modeling and rendering, mesh simplication, molecular visualization, and camera placement

• Information theory measures have been used as viewpoint metrics since the work of 
Vazquez et al. [2001], see also [Sbert et al. 2009]

VIEWPOINT SELECTION



THE VISUALIZATION PIPELINE

DATA 
ACQUISITION

DATA 
PROCESSING

DATA 
RENDERING

Reconstruction
Classification

Composition
Shading

Voxel model

Simulation, modeling, scanning Filtering, registration, 
segmentation Direct volume rendering



• Volume dataset is considered as a transparent gel with light 
travelling through it

DIRECT VOLUME RENDERING (DVR)

• classification maps 
primitives to graphical 
attributes

• shading (illumination) 
models shadows, light 
scattering, absorption…
• usually absorption + 

emission optical model

• compositing integrates 
samples with optical 
properties along viewing 
rays

Transfer function 
definition

Local or global 
illumination

Both realistic and illustrative rendering



• Takahashi et al. 2005
• Evaluation of viewpoint quality based on the visibility of extracted isosurfaces

or interval volumes.
• Use as viewpoint metrics the average of viewpoint entropies for the extracted

isosurfaces.

VIEWPOINT SELECTION



• Takahashi et al. 2005

VIEWPOINT SELECTION

Best and worst views of interval
volumes extracted from a data set 
containing simulated electron density
distribution in a hydrogen atom



• Bordoloi and Shen 2005
• Best view selection: use entropy of the projected visibilities

distribution

• Representative views: cluster views according to Jensen-
Shannon similarity measure

VIEWPOINT SELECTION



• Bordoloi and Shen 2005

VIEWPOINT SELECTION

Best (two left) and worst (two right) views of tooth data set

Four representative views



• Ji and Shen 2006
• Quality of viewpoint v, u(v), is a combination of three values

VIEWPOINT SELECTION



• Mühler et al. 2007
• Semantics-driven view selection. Entropy, between other factors, 

used to select best views.
• Guided navigation through features assists studying the

correspondence between focus objects.

VIEWPOINT SELECTION



• Viola et al. 2006, Ruiz et al. 2010

• How a viewpoint sees the voxels
• Mutual information
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• Ruiz et al. 2010

• How a voxel “sees” the viewpoints
• Mutual information
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VOMI MAP COMPUTATION

Volume 
dataset Classified data Ray casting

Visibility 
histogram for 

each 
viewpoint

Probabilities 
computation VOMI map

Transfer 
function

+

0



• Viola et al. 2006
• Adding importance to VMI for viewpoint navigation with focus of 

interest. Objects instead of voxels

VISIBILITY CHANNEL



• Interpret VOMI as ambient occlusion
• 𝐴𝐴𝐴𝐴 𝑧𝑧 = 1 − 𝐼𝐼 𝑧𝑧;𝑉𝑉
• Simulate global illumination
• Realistic and illustrative rendering
• Color ambient occlusion

• 𝐶𝐶𝐶𝐶𝑂𝑂𝛼𝛼 𝑧𝑧;𝑉𝑉 = ∑𝑣𝑣∈𝒱𝒱 𝑝𝑝 𝑣𝑣 𝑧𝑧 log 𝑝𝑝 𝑣𝑣 𝑧𝑧
𝑝𝑝 𝑣𝑣

1 − 𝐶𝐶𝛼𝛼 𝑣𝑣

VOMI APPLICATIONS



• Interpret VOMI as importance
• Modulate opacity to obtain focus+context effects emphasizing 

important parts

• “Project” VOMI to viewpoints to obtain informativeness of 
each viewpoint
• 𝐼𝐼𝐼𝐼𝐼𝐼 𝑣𝑣 = ∑𝑧𝑧∈𝒵𝒵 𝑝𝑝 𝑣𝑣 𝑧𝑧 𝐼𝐼 𝑧𝑧;𝑉𝑉
• Viewpoint selection

VOMI APPLICATIONS



VOMI AS AMBIENT OCCLUSION MAP

Original Ambient Occlusion,
Landis 2002

Vicinity shading,
Stewart 2003

Obscurances, 
Iones et al. 98

VOMI



• Ambient lighting term

• Additive term to local 
lighting

VOMI APPLIED AS AMBIENT OCCLUSION

Original Vicinity shading,
Stewart 2003

VOMI



COLOR AMBIENT OCCLUSION

CAO map CAO map
with contours

CAO maps with contours
and color quantization



OPACITY MODULATION

Original Modulated to emphasize skeleton Original Modulated to
emphasize ribs



• VMI versus Informativeness

VIEWPOINT SELECTION

Min VMI

Max VMI Min INF

Max INF

Min VMI

Max VMI Min INF

Max INF



• T.M. Cover and J.A. Thomas. Elements of Information Theory. Wiley, 1991, 2006
• R.W. Yeung. Information Theory and Network. Springer, 2008 
• M.R. DeWeese and M. Meister. How to measure the information gained from 

one symbo., Network: Computation in Neural Systems, 10, 4, 325-340, 1999 
• D.A. Butts. How much information is associated with a particular stimulus?. 

Network: Computation in Neural Systems, 14, 177-187, 2003 
• J. Burbea and C.R. Ra. On the convexity of some divergence measures based on 

entropy functions. IEEE Transactions on Information Theory, 28, 3, 489-495, 1982 
• Noam Slonim and Naftali Tishby. Agglomerative Information Bottleneck. NIPS, 

617-623, 1999

REFERENCES



• Imre Csiszár and Paul C. Shields. Information Theory and Statistics: A Tutorial. 
Communications and Information Theory, 1, 4, 2004

• Pere P. Vazquez, Miquel Feixas, Mateu Sbert, and Wolfgang Heidrich. Viewpoint selection
using viewpoint entropy. In Proceedings of Vision, Modeling, and Visualization 2001 , 
pages 273-280, Stuttgart, Germany, November 2001.

• M. Sbert, M. Feixas, J. Rigau, M. Chover, I. Viola. Information Theory Tools for Computer 
Graphics. Morgan and Claypool Publishers, 2009

• Bordoloi, U.D. and Shen, H.-W. (2005). View selection for volume rendering. In IEEE 
Visualization 2005 , pages 487-494

• Ji, G. and Shen, H.-W. (2006). Dynamic view selection for time-varying volumes. 
Transactions on Visualization and Computer Graphics , 12(5):1109-1116

REFERENCES



• Mühler, K., Neugebauer, M., Tietjen, C. and Preim, B. (2007). Viewpoint selection for
intervention planning. In Proceedingss of Eurographics/ IEEE-VGTC Symposium on
Visualization, 267-274 

• Ruiz, M., Boada, I., Feixas, M., Sbert, M. (2010). Viewpoint information channel for
illustrative volume rendering. Computers & Graphics , 34(4):351-360

• Takahashi, S., Fujishiro, I., Takeshima, Y., Nishita, T. (2005). A feature driven approach to 
locating optimal viewpoints for volume visualization. In IEEE Visualization 2005 , 495-502

• Viola, I, Feixas, M., Sbert, M. and Gröller, M.E. (2006). Importance-driven focus of
attention. IEEE Transactions on Visualization and Computer Graphics , 12(5):933-940

REFERENCES



THANKS FOR YOUR ATTENTION!

Mateu Sbert
University of Girona, Tianjin University



Volume Visualization
Information Theory in Visualization

Ivan Viola



• Time-varying data
• Level-of-detail selection
• Isosurface extraction
• Volume splitting
• Transfer function specification
• Multimodal volume visualization

AGENDA



• 3D scalar fields over time
• Viewpoint quality: visibility of voxels
• Measure: Joint viewpoint entropy

VIEW SELECTION FOR VOLUME DATA
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• Quantify data-block importance using entropy within a block and 
mutual information wrt. neighboring blocks

𝐻𝐻(𝑋𝑋) − 𝐼𝐼(𝑋𝑋,𝑌𝑌) = 𝐻𝐻(𝑋𝑋|𝑌𝑌)

• Concatenating data-block importance
• over time
• Clustering time-importance curves
• Selecting spatial region corresponding

to the curve set

IMPORTANCE-DRIVEN VISUALIZATION

[Wang et al. 2008]



IMPORTANCE-DRIVEN VISUALIZATION

[Wang et al. 2008]
T
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IMPORTANCE-DRIVEN VISUALIZATION

[Wang et al. 2008]



IMPORTANCE-DRIVEN VISUALIZATION

[Wang et al. 2008]



• Distortion (D) and Contribution (C) 
characteristics of a multiresolution block

• Level-of-Detail quality evaluated via 
Entropy measure

• Join and split optimizations driven by 
entropy changes

MULTIRESOLUTION VOLUMES
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MULTIRESOLUTION VOLUMES

[Wang and Shen 2006]



• Quantifying the most significant iso-surfaces in volume
• Compare iso-surfaces through evaluating mutual information of their 

distance volume
• X and Y are independent: I(X,Y) = 0
• X and Y are identical: I(X,Y) = H(X) = H(Y)

ISOSURFACE SIMILARITY MAPS

distance transform
distance transform
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• Normalized measure

ISOSURFACE SIMILARITY MAPS

2 ( , )ˆ( , )
( ) ( )

I X YI X Y
H X H Y

=
+

[Bruckner and Möller 2010]



ISOSURFACE SIMILARITY MAPS

[Bruckner and Möller 2010]



ISOSURFACE SIMILARITY MAPS

[Bruckner and Möller 2010]

• Selection of characteristic iso-surfaces



• A two step process is proposed to automatically obtain 
the partitioning planes:
• Explosion axis: selection of the most structured view
• Partitioning of the data: slices are grouped according to 

the maximization of a similarity criterion

SIMILARITY-BASED EXPLODED VIEWS

[Ruiz et al. 2008]



• Structured View measured through Entropy Rate
measure of the randomness or unpredictability of a system

SIMILARITY-BASED EXPLODED VIEWS

[Ruiz et al. 2008]



• Explosion Axis: 
Joint entropy of L vector

• Entropy rate represents the average information content per symbol in a 
stochastic process

• For a set of viewpoints we perform ray casting to compute entropy rate for each 
ray

• Summing up entropy rates per direction quantifies how much structural change 
particular direction exhibit

SIMILARITY-BASED EXPLODED VIEWS

[Ruiz et al. 2008]

x
1

x
2

x
3

x
4

x
5

x
6

x
7

L

 

H(X L ) = − p(xL )
x L ∈X L

∑ log p(xL )

 

h = lim
L →∞

H(X L )
L

= lim
L →∞

(H(X L ) − H(X L−1))



• Bottom-up grouping: group the most similar slices or slabs through 
normalized mutual information
degree of similarity or shared information between two slices or slabs

SIMILARITY-BASED EXPLODED VIEWS

[Ruiz et al. 2008]



SIMILARITY-BASED EXPLODED VIEWS

[Ruiz et al. 2008]



TRANSFER FUNCTIONS FOR SCALAR FIELDS

[Ruiz et al. 2011]



• Measuring visibility              of binned data-values b from viewpoint v
• Constructing a communication channel between viewpoints and bins with 

transition probability matrix and marginal probabilities

• Average projected visibility of bin b

TRANSFER FUNCTIONS FOR SCALAR FIELDS

[Ruiz et al. 2011]



• Target distribution q(B):
• Uniform for all data values
• Proportional to bin size
• Proportional to value
• Proportional to gradient magnitude
• Proportional to importance

• Informational divergence (KL-distance): quantifies the 
distance between true p(B) and target q(B) distributions 

TRANSFER FUNCTIONS FOR SCALAR FIELDS

[Ruiz et al. 2011]



• Iterative Transfer Function Design
• Minimize informational divergence between the average 

projected visibility distribution from all viewpoints and a 
target distribution

• Transforming the opacity vector 
• Optimizer: Steepest Gradient Descent

TRANSFER FUNCTIONS FOR SCALAR FIELDS

[Ruiz et al. 2011]



TRANSFER FUNCTIONS FOR SCALAR FIELDS

[Ruiz et al. 2011]



TRANSFER FUNCTIONS FOR SCALAR FIELDS

[Ruiz et al. 2011]



• Fuse two modalities based on how much 
information a data bin is associated with

MULTIMODAL DATA FUSION
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MULTIMODAL DATA FUSION
Dual Fused
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• Fuse two modalities by a winner

MULTIMODAL DATA FUSION

[Bramon et al. 2012]



MUTUAL INFORMATION DECOMPOSITIONS
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• Predictability, surprise, entanglement



MULTIMODAL VISUAL FUSION
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• Isosurface Similarity Maps extended to support 
Multi-Modal Data

MULTIMODAL SIMILARITY MATRIX

[Haidacher et al. 2011]



MULTIMODAL SIMILARITY MATRIX

[Haidacher et al. 2011]



MULTIMODAL SIMILARITY MATRIX
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Tutorial on Information Theory in Visualization

Flow Visualization
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Background 
• A data set can be considered as a random variable 
• Each data point can be considered as an outcome of 

the random variable 
• We can estimate the information content of the 

whole data set or of local regions



Distributions from Scientific Data 
Scalar Distributions

Univariate

Multivariate

Vector Distributions

Feature Distributions State Transitions



Data Sets with Multiple Variables

• Assuming your data set contains two variables X and Y 
• You want to know the relationship between  X and Y
• You can calculate the conditional entropy, mutual 

information, etc between these two variables
• Some of the metrics can be used as the ‘information 

distance’ between two variables 



Entropy for Multiple Variables 
• Joint Entropy 

• Conditional Entropy

• Mutual Information   



Relations of Entropy Measures



Evaluating Visualization

010100010101
000001011111
111110101000
00011111001

Visualization pipeline

X Y



Vector Field Analysis
• Concept

• Treat the vector field as a data source that generates vector orientation as 
outcome

• The more diversified are the vector orientations, the more information is 
contained in the vector field

• Measurement 

• Estimate the distribution of the vector orientation
• Compute the entropy of this distribution as the measurement 

Vector field Polar Histogram



Information in Vector Fields



Entropy Field and Seeding

Measure the entropy around each point’s neighborhood

Vector Field Entropy field: higher value means more 
information in the corresponding region

Entropy-based seeding: Places streamlines on the region with high 
entropy



Evaluation of Visualization

Can more 
information be shown?

Streamline 
Computation

Yes

VisualizationData

Information 

Information in 
Visualization

No

Information in 
Data

Stop



Information Comparison 
Between Data/Visualization

Conditional entropy H(X|Y):
The information in X not represented by Y

An effective visualization should represent most information in the data, 
i.e. H(X|Y) should be small

Vector Field X

H(X) H(Y)

Streamlines Y

H(X|Y)



Conditional Entropy Field and Seeding

Measure the under-represented information in local 
regions

Streamlines Conditional entropy field

Conditional-entropy-based seeding: Place more seeds on 
regions with higher under-represented information 



Result

1st iteration: Entropy-
based seeding

2nd iteration: Cond.-
entropy-based seeding

When conditional 
entropy converges

Conditional entropy



View-dependent Flow Visualization

• Goal: create a clear view of important features in 3D flow 
fields 

• Issue: occlusion of the flow features
• Approaches

• Evaluate flow field in screen space with information theory
• Place streamline to highlight salient flow features with reduced 

occlusion



Maximal Entropy Projection (MEP)

MEP: Project the entropy field to the screen via Maximal 
Intensity Projection (MIP)

• Measure the maximal entropy visible to each pixel
• Store the sampled entropy and depth in the MEP Framebuffer

Entropy Depth

Max Intensity 
Projection

MEP Framebuffer
Entropy Field



MEP-based Streamline Placement

• Highlight salient flow features
• Reduce occlusion to these features

Vector Field

Streamline 
Evaluation

Streamline 
Selection

Object Space Image Space

Initial Streamlines
Output Streamlines



Streamline Evaluation

Entropy Depth

MEP FramebufferInput Streamlines



Streamline Evaluation

Entropy Depth

MEP Framebuffer

Streamlines w/ less occlusion to 
the MEP Framebuffer

Input Streamlines



Streamline Evaluation

Entropy Depth

MEP Framebuffer

Streamlines w/ less occlusion to 
the MEP Framebuffer

Streamlines that occluded  
the MEP Framebuffer

Input Streamlines



MEP-based Streamline Placement

High 
Streamline 
Density 

Low 
Streamline 

Density 



Streamline Statistical Feature Descriptors
• Each streamline is represented as one or more 

distributions of feature measures such as curvature, 
curl and torsion

22



• Problem of 1D histograms
• The order of features is not preserved in the final 

histogram

A streamline with 
only one high curvature zone

A streamline with 
two high curvature zone

Streamline Statistical Feature Descriptors



• Solution: 2D Histograms
• Decompose the streamline into a fixed number of segments
• Create 1D histogram of appropriate quantity for each segment
• Stack the 1D histograms to form a 2D histogram which preserve the 

order between segments

Streamline Statistical Feature Descriptors



Streamline Decomposition

• An iterative segmentation algorithm
• Recursively divide into segments 

until:

The difference in the 1D histograms 
between two halves is smaller than a 
threshold

Streamline segment is too short to be 
further segmented



Measure Similarity Between Two 
Streamlines 

• Compute similarity between the 2D histograms of two 
streamlines

• As two streamline have different number of segments, 
• Apply Dynamic Time Warping (DTW) to find an optimal mapping 

between segments
• For each pair of segments, 

• Use Earth Mover’s Distance to measure the distance of their 1D 
histograms

EMD(Xi, Yj)

Streamline X

Segment  X1

Segment  X2

Segment  X3

Streamline Y

Segment  Y1

Segment  Y2

Segment  Y3



Similarity-based Streamline Query
(Hurricane Isabel Data Set)

• Streamlines having similar features as the one selected by the 
user are displayed to highlight features in the data

• Histograms based on Curvature and Torsion are used to answer 
query in this particular case

Hurricane Isabel

Top 400  matches Top 200 matches

User selected target User selected target



Similarity-based Streamline Query
(Solar Plume Data Set)

• Query response using curvature and torsion based histograms

Solar Plume

Top 200 matches

Top 20 matches

User selected streamline

User selected streamline



Similarity-based Streamline Query 
(Ocean Data Set)



Visualization & Information Theory

author: Min Chen, University of Oxford
presenter: Mateu Sbert, University of Girona, Tianjin University



• Random variable (alphabet)
• X

• It takes values (letters)
• x1, x2, ..., xm

• Probability mass function
• p(xi)

• Entropy (uncertainty)
•

ENTROPY

∑−=
m

i
ii xpxpX )(log)()( 2H

Claude E. Shannon (1916-2001)



THE ROLE OF A THEORETIC FRAMEWORKFacts

Theoretic Framework

Facts

Wisdom
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AN INFORMATION-THEORETIC VIEW OF 
VISUALIZATION

A General Communication System

Source DestinationEncoder
(Transmitter)

message
M

Channel Decoder
(Receiver)

signal
S

signal
S'

message
M'N

M. Chen and H. Jänicke, An information-theoretic framework for visualization,
IEEE Transactions on Visualisation and Computer Graphics, 2010

Source Filtering Visual
Mapping Rendering

raw data
D

information
I

geometry & labels
GN N N

image
V

vis-encoder

Displaying Optical
Transmission

optical signal
S

optical signal
S'N N

Viewing

image
V'N

vis-channel

Perception Cognition Destination

information
I'

knowledge
KN N

vis-decoder

A General Visualization System



SOURCE ENCODING AND CHANNEL ENCODING

Three Communication Subsystems

Source DestinationEncoder
(Transmitter)

message
M

Channel Decoder
(Receiver)

signal
S

signal
S'

message
M'N

compactness error detection
error correction

Source vis-
encoder

raw data
D N

vis-
decoder Destination

knowledge
K

image
V' N

image
V

vis-
channel

N

? ?
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1. Data Intelligence  a big picture
2. Visualization  a small picture
3. Measurement, Explanation, and Prediction
4. Example: Visual Multiplexing
5. Example: Error Detection and Correction
6. Example: Process Optimization
7. Summary

OUTLINE



1. Data Intelligence  a big picture
2. Visualization  a small picture
3. Measurement, Explanation, and Prediction
4. Example: Visual Multiplexing
5. Example: Error Detection and Correction
6. Example: Process Optimization
7. Summary

OUTLINE



SHANNON’S DEFINITION OF INFORMATION

Communication 
System ?

Alphabet

G, A, C, T

Z ?
a variable Z

≤ 2 bits
uncertainty

H(Z)
Shannon Entropy



SHANNON’S DEFINITION OF INFORMATION

Communication 
System ?

G
a letterz∈Z

≤ 2 bits
information

Alphabet

G, A, C, T

Z

H(Z)
Shannon Entropy



• English alphabet A, B, C, ..., X, Y, Z
• All English prefixes bio, geo, pre, pro, ..., un
• All English words a, ..., silicosis, ..., titin, ...
• All sentences in a text corpus ...
• ...
• All published Siggraph papers ...
• ...

AN ALPHABET   AND      ITS LETTERS

45 letters
pneumonoultramicroscopicsilicovolcanoconiosis

189,819 letters
a word or a formula? 



Z2
Aggregated

Data
at 1-minute
resolution

Z1
Raw Data
1 hour long
at 5-second
resolution

Z3
Time Series

Plots

Z4
Feature

Recognition

Z5
Correlation

Indices

Z6
Graph

Visualization

Z7
Decision

r time series
× 720 data points
× 232 valid values

r time series
× 60 data points
× 232 valid values

M

M H

M M

H

r time series
× 60 data points
× 128 valid values

r(r-1)/2 data points
× 230.7 valid values

r(r-1)/2 connections
× 5 valid values

r decisions
× 3 valid values

r time series
× 10 features
× 8 valid values

M H ...
machine
process

human
process alphabet

Hmax=23040r Hmax=1920r

Hmax=30rHmax=420r

Hmax≈1.16r(r-1)Hmax≈15r(r-1)

Hmax≈1.58r

AN EXAMPLE OF VISUALIZATION (OR VA) 
PROCESS

M. Chen and A. Golan, What May Visualization Processes Optimize? 
accepted by IEEE Transactions on Visualization and Computer Graphics, 2015.



MUTUAL INFORMATION (SHARED UNCERTAINTY)

Process

alphabet
X

alphabet
Y

I

entropy
H(X)

entropy
H(Y)

I(X; Y)



DATA PROCESSING INEQUALITY

Data Process
1

Process
2

......

alphabet
Z1

Process
L-1

Process
L

Decision

alphabet
Z2

alphabet
Z3

alphabet
ZL-1

alphabet
ZL

alphabet
ZL+1

I1
I2

......
IL-1

IL

Decreasing of Mutual Information

I1 ≥ I2 ≥ ... ≥ IL-1 ≥ IL

M. Chen and H. Jänicke, An information-theoretic framework for visualization,
IEEE Transactions on Visualisation and Computer Graphics, 2010



DATA PROCESSING INEQUALITY

“No clever manipulation of data can improve the 
inferences that can be made from the data”

[Cover and Thomas, 2006]

Data Process
1

Process
2

......

alphabet
Z1

Process
L-1

Process
L

Decision

alphabet
Z2

alphabet
Z3

alphabet
ZL-1

alphabet
ZL

alphabet
ZL+1

I1
I2

......
IL-1

IL



DATA PROCESSING INEQUALITY WITH “BIG 
DATA”

Data Process
1

Process
2

......

Z1

Process
L-1

Process
L

Decision

Z2 Z3 ZL-1 ZL ZL+1

entropy
H(Z1)

entropy
H(ZL+1)

I(Z1;ZL+1)
mutual

information

Big Data

Can one trust a 
decision with a very 
small amount of 
mutual information 
with the data?



• Markov chain conditions
• Closed coupling: (X, Y), (Y,Z)
• X and Z are conditionally

independent

• What if one of the conditions is 
broken?

• In visual analytics, both 
conditions are usually broken. 

DPI IS NOT UBIQUITOUS
X Y Z

I (X; Y) I (Y; Z)

Process 1 Process 2

p(x, y, z) = p(x) p(y|x) p(z|y)

p(x) p(y|x) p(z|y)

);();( ZXIYXI ≥

X Y ZProcess 1 Process 2

interaction U1 interaction U2

X Y ZProcess 1 Process 2

domain knowledge about X

);();( ZXIYXI ≥



DATA PROCESSING WITH SOFT KNOWLEDGE

Data Process
1

Process
2

......

Z1

Process
L-1

Process
L

Decision

Z2 Z3 ZL-1 ZL ZL+1

entropy
H(Z1)

entropy
H(X)

x ∈ X is a piece of soft
knowledge about the
background and context
of the data and processing.



DATA PROCESSING WITH HUMANS-IN-THE-LOOP

ZL

Data Process
1

Process
2

......

Z1

Process
L-1

Process
L

Decision

Z2 Z3 ZL-1 ZL+1

entropy
H(Z1)

x’ ∈ X’ includes soft
knowledge acquired or
stimulated during data
processing if humans is
in the loop. 

entropy
H(X’)
entropy
H(X)



DATA PROCESSING WITH HUMANS-IN-THE-LOOP

Data Process
1

Process
2

......

Z1

Process
L-1

Process
L

Decision

Z2 Z3 ZL-1 ZL ZL+1

entropy
H(Z0)

entropy
H(X’)

a b

c

d All possible decisions
under different conditions
a)totally data-driven
b)totally instinct-driven
c)data-informed
d)due to unknown or 

uncontrollable factors



TRANSFORMATION

Data Process
1 ......

Process

s

Z1

...... Process
L

Decision

Z2 Zs Zs+1 ZL ZL+1

Alphabet Compression alphabet
Zs+1

alphabet
Zs

forward 
mapping

Potential Distortion alphabet
Zs+1

alphabet
Z’s

backward 
mapping

F

G

M. Chen and A. Golan, What May Visualization Processes Optimize? 
IEEE Transactions on Visualization and Computer Graphics, 2016.



COST-BENEFIT RATIO

Data Process
1 ......

Process

s

Z1

...... Process
L

Decision

Z2 Zs Zs+1 ZL ZL+1

Process
s

Alphabet
Compression

Potential
Distortion

Cost

Benefit

Cost



COST-BENEFIT RATIO

Data Process
1 ......

Process

s

Z1

...... Process
L

Decision

Z2 Zs Zs+1 ZL ZL+1

Alphabet Compression Potential Distortion

Cost

Benefit

Cost

M. Chen and A. Golan, What May Visualization Processes Optimize? 
IEEE Transactions on Visualization and Computer Graphics, 2016.



KULLBACK–LEIBLER DIVERGENCE

Solomon Kullback
1907-1994

Richard Leibler
1914-2003

Process

Fs

Zs Vs+1

forward mapping

z1

z2

...

zn

v1

v2

...

vm

Process

Gs

Z’s Vs+1
z’1

z’2

...

z’n backward mapping

DKL(Z'||Z)



COMPOSITION

Process
s

Alphabet
Compression

Potential
Distortion

Cost Process
s+1

Alphabet
Compression

Potential
Distortion

Cost

Composite Process
for s and s+1

Alphabet Compression Potential Distortion

Cost

Data Process
1 ......

Process

s

Z1

Process

s+1
...... Decision

Z2 Zs Zs+1 Zs+2 ZL+1



1. Data Intelligence  a big picture
2. Visualization  a small picture
3. Measurement, Explanation, and Prediction
4. Example: Visual Multiplexing
5. Example: Error Detection and Correction
6. Example: Process Optimization
7. Summary

OUTLINE



• Entropy of Input Data Space: H(X)
• Visualization Capacity: V(G)
• Display Capacity: D

THREE SPACES AND THREE MEASURES

)(
)((VMR) Ratio Mapping Visual

X
G

H
V

=

)(
)0),()(max((ILR) Ratio Lossn Informatio

X
GX

H
VH −

=

D
V )((DSU)on  UtilizatiSpaceDisplay G

=

M. Chen and H. Jänicke, An information-theoretic
framework for visualization, IEEE Transactions

on Visualisation and Computer Graphics, 2010



• Entropy of the
Data Alphabet:

• V(G) = H(Z)
• Binary Pixel Plot: D

• 4x4 pixels per bit → D: 29×24 = 213 bits

• Time Series Plot: D
• Minimal 256x64 pixels → D: 28×26 = 214 bits

• The more compact, the better?
• Cost? Reconstructability?

EXAMPLE OF V(G)
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time series

								1				1.022																																Fig. 1(a)

		time		value		RAND()		start		range		Log

		0		3		0.11		0		32		56.6

		1		11		0.35		0		32		111.3

		2		16		0.50		0		32		127.7

		3		26		0.82		0		32		150.9

		4		17		0.52		0		32		130.1

		5		25		0.78		0		32		148.6

		6		3		0.10		0		32		54.0

		7		25		0.77		0		32		147.9

		8		30		0.92		0		32		156.3

		9		24		0.75		0		32		146.8

		10		6		0.19		0		32		82.4

		11		15		0.46		0		32		124.1

		12		8		0.23		0		32		93.1

		13		31		0.98		0		32		159.2

		14		9		0.29		0		32		103.1

		15		3		0.10		0		32		54.7

		16		62		0.93		32		32		190.4

		17		44		0.38		32		32		174.8

		18		39		0.21		32		32		168.6

		19		42		0.32		32		32		172.9

		20		43		0.34		32		32		173.5

		21		51		0.60		32		32		181.6

		22		53		0.65		32		32		183.0

		23		37		0.15		32		32		166.3

		24		44		0.38		32		32		174.7

		25		59		0.85		32		32		188.3

		26		58		0.82		32		32		187.7

		27		48		0.48		32		32		178.2

		28		57		0.79		32		32		186.9

		29		52		0.61		32		32		182.1

		30		50		0.56		32		32		180.4

		31		33		0.05		32		32		162.1

		32		108		0.69		64		64		216.2

		33		115		0.80		64		64		219.2

		34		82		0.29		64		64		203.6

		35		124		0.94		64		64		222.7

		36		65		0.01		64		64		192.6

		37		86		0.34		64		64		205.6

		38		95		0.48		64		64		210.1

		39		69		0.08		64		64		195.4

		40		75		0.17		64		64		199.2

		41		88		0.37		64		64		206.7

		42		123		0.93		64		64		222.3

		43		72		0.12		64		64		197.4

		44		88		0.37		64		64		206.6

		45		101		0.57		64		64		212.9		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		46		126		0.96		64		64		223.1

		47		119		0.86		64		64		220.6

		48		215		0.68		128		128		247.9

		49		245		0.92		128		128		254.0

		50		164		0.28		128		128		235.3

		51		171		0.34		128		128		237.4

		52		223		0.74		128		128		249.6

		53		218		0.70		128		128		248.6

		54		171		0.33		128		128		237.2

		55		247		0.93		128		128		254.4

		56		239		0.87		128		128		252.8

		57		176		0.37		128		128		238.6

		58		142		0.11		128		128		228.8

		59		145		0.13		128		128		229.8

		60		173		0.35		128		128		237.9

		61		236		0.84		128		128		252.2

		62		175		0.37		128		128		238.4

		63		132		0.03		128		128		225.3				256		8
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		-0		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		-12		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		16		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		11		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-8		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		13		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		12		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		20		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		3		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		-18		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		8		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		-4		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		8		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		15		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		9		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		21		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		7		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		10		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		0		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		12		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		12		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		4		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-8		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		13		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		-7		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		-3		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		5		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		17		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		0		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		-4		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		-19		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		-16		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		21		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		15		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		10		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-5		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		11		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		11		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		-11		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		15		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		5		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-8		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		-10		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		12		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		20		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		1		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-15		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		20		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		-19		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		18		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		-9		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		1		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		5		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		21		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		20		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		16		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		-7		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		13		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-7		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		-18		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		20		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		-20		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		-13		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-16		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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• Display Space Restriction
• 64x64 pixels

• Evenly distributed probability
mass function

• Linear visual mapping
• ILR is a probabilistic measure about

• a data space X, not an instance xi

INFORMATION LOSS RATIO (ILR)
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time series

								1				1.022																																Fig. 1(a)

		time		value		RAND()		start		range		Log

		0		22		0.70		0		32		143.5

		1		18		0.58		0		32		134.6

		2		4		0.14		0		32		68.1

		3		15		0.46		0		32		123.9

		4		8		0.26		0		32		98.3

		5		14		0.44		0		32		121.6

		6		14		0.45		0		32		123.1

		7		15		0.47		0		32		125.5

		8		19		0.59		0		32		135.6

		9		1		0.02		0		32		0.0

		10		30		0.93		0		32		156.6

		11		27		0.85		0		32		152.4

		12		15		0.45		0		32		123.5

		13		28		0.89		0		32		154.6

		14		4		0.11		0		32		59.5

		15		8		0.26		0		32		98.5

		16		57		0.77		32		32		186.3

		17		43		0.34		32		32		173.5

		18		46		0.43		32		32		176.5

		19		55		0.71		32		32		184.8

		20		51		0.58		32		32		181.1

		21		41		0.27		32		32		171.1

		22		34		0.05		32		32		162.3

		23		38		0.20		32		32		168.3

		24		58		0.80		32		32		187.1

		25		34		0.07		32		32		163.0

		26		48		0.51		32		32		179.0

		27		40		0.25		32		32		170.2

		28		38		0.19		32		32		168.1

		29		52		0.63		32		32		182.4

		30		61		0.91		32		32		189.8

		31		43		0.34		32		32		173.5

		32		76		0.19		64		64		200.0

		33		114		0.79		64		64		218.8

		34		69		0.08		64		64		195.7

		35		84		0.31		64		64		204.4

		36		68		0.06		64		64		194.5

		37		109		0.70		64		64		216.4

		38		79		0.23		64		64		201.7

		39		65		0.02		64		64		192.8

		40		126		0.97		64		64		223.2

		41		89		0.40		64		64		207.5

		42		96		0.50		64		64		210.9

		43		90		0.41		64		64		207.7

		44		102		0.59		64		64		213.5

		45		93		0.46		64		64		209.5		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		46		93		0.45		64		64		209.1

		47		81		0.27		64		64		203.1

		48		251		0.96		128		128		255.2

		49		247		0.93		128		128		254.4

		50		190		0.48		128		128		242.1

		51		142		0.11		128		128		228.8

		52		223		0.74		128		128		249.6

		53		187		0.46		128		128		241.4

		54		160		0.25		128		128		234.3

		55		238		0.86		128		128		252.6

		56		139		0.08		128		128		227.7

		57		164		0.28		128		128		235.5

		58		220		0.72		128		128		249.0

		59		137		0.07		128		128		227.2

		60		178		0.39		128		128		239.3

		61		131		0.03		128		128		225.2

		62		176		0.38		128		128		238.7

		63		247		0.93		128		128		254.4				256		8
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		-4		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		-9		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		-20		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		20		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-13		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		13		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		11		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		19		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		-15		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		17		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		2		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		-7		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		-5		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		-10		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		-16		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		18		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		15		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-10		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		4		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		-21		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-17		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		0		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		20		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		-12		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		5		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		-21		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		14		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		15		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-14		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		12		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		2		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		-13		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		-1		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		-14		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		-8		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-11		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		20		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		12		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		12		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		-2		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		-20		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-6		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		14		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		11		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		12		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-18		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-3		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		3		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		2		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		-19		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		17		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		-14		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		-14		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		-4		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		1		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		-19		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		3		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		20		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		13		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		19		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		4		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		13		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		11		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-1		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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time series

										1				1.022																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.97		0		32		81.0

		2		16		0.52		0.25		0		32		129.4

		3		29		0.91		0.62		0		32		155.7

		4		12		0.36		0.70		0		32		112.9

		5		19		0.59		0.45		0		32		135.6

		6		31		0.95		0.54		0		32		157.8

		7		5		0.17		0.01		0		32		77.2

		8		3		0.09		0.95		0		32		50.9

		9		2		0.05		0.58		0		32		21.9

		10		16		0.50		0.23		0		32		128.4

		11		30		0.93		0.98		0		32		156.5

		12		18		0.55		0.26		0		32		132.2

		13		17		0.52		0.85		0		32		129.5

		14		14		0.44		0.84		0		32		121.7

		15		25		0.80		0.83		0		32		149.5

		16		19		0.58		0.89		0		32		134.8

		17		35		0.09		0.55		32		32		163.8

		18		42		0.31		0.37		32		32		172.5

		19		52		0.61		0.35		32		32		182.0

		20		40		0.25		0.03		32		32		170.2

		21		51		0.58		0.81		32		32		181.2

		22		61		0.92		0.76		32		32		190.0

		23		54		0.68		0.86		32		32		183.9

		24		44		0.36		0.05		32		32		174.3

		25		61		0.90		0.02		32		32		189.5

		26		34		0.06		0.81		32		32		162.8

		27		53		0.65		0.68		32		32		183.1

		28		55		0.73		0.79		32		32		185.4

		29		49		0.52		0.16		32		32		179.3

		30		60		0.87		0.81		32		32		189.0

		31		32		0.01		0.89		32		32		160.4

		32		60		0.86		0.73		32		32		188.7

		33		114		0.78		0.91		64		64		218.5

		34		73		0.15		0.97		64		64		198.4

		35		70		0.10		0.83		64		64		196.5

		36		101		0.59		0.94		64		64		213.3

		37		94		0.47		0.31		64		64		209.7

		38		89		0.39		0.09		64		64		207.1

		39		128		0.99		0.91		64		64		223.9

		40		93		0.46		0.13		64		64		209.5

		41		121		0.88		0.15		64		64		221.2

		42		69		0.08		0.03		64		64		195.5

		43		95		0.49		0.11		64		64		210.3

		44		91		0.42		0.73		64		64		208.2

		45		108		0.68		0.87		64		64		216.1

		46		126		0.97		0.24		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		0.79		64		64		207.0

		48		84		0.32		0.07		64		64		204.7

		49		137		0.07		0.66		128		128		227.1

		50		252		0.97		0.09		128		128		255.2

		51		197		0.54		0.67		128		128		243.9

		52		186		0.45		0.04		128		128		241.3

		53		179		0.40		0.77		128		128		239.4

		54		190		0.48		0.73		128		128		242.1

		55		234		0.83		0.59		128		128		251.9

		56		180		0.41		0.38		128		128		239.8

		57		243		0.90		0.73		128		128		253.6

		58		218		0.70		0.79		128		128		248.6

		59		193		0.51		0.16		128		128		243.0

		60		242		0.89		0.58		128		128		253.4

		61		181		0.42		0.76		128		128		240.1

		62		241		0.88		0.19		128		128		253.1

		63		212		0.65		0.51		128		128		247.2

		64		146		0.14		0.31		128		128		230.1				256		8
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		18		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		-15		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		7		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		8		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-18		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		-3		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		19		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		2		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		2		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		13		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		-0		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		-5		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		-18		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		8		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		18		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		-19		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		5		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-16		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		15		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		3		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-5		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		5		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-0		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		16		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		9		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		7		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		-18		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		-4		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		8		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		-11		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		-4		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		-6		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		-18		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		18		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		-12		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-6		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		-13		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		-17		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		12		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		2		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		1		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		21		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		-19		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		4		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		2		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-5		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		5		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		11		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		-14		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		21		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		-16		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		-20		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		-14		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		9		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		-3		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		-3		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		13		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		14		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-4		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		-2		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		3		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		8		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		-6		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-20		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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1. Data Intelligence  a big picture
2. Visualization  a small picture
3. Measurement, Explanation, and Prediction
4. Example: Visual Multiplexing
5. Example: Error Detection and Correction
6. Example: Process Optimization
7. Summary
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• Display Space Restriction
• 64x64 pixels

• Evenly distributed probability
mass function

• Linear visual mapping
• ILR is a probabilistic measure 

about
• a data space X, not an instance 
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time series

								1				1.022																																Fig. 1(a)

		time		value		RAND()		start		range		Log

		0		15		0.48		0		32		126.2

		1		2		0.08		0		32		41.8

		2		13		0.39		0		32		117.0

		3		2		0.07		0		32		38.2

		4		4		0.13		0		32		64.7

		5		12		0.39		0		32		116.2

		6		9		0.29		0		32		102.4

		7		24		0.76		0		32		147.0

		8		1		0.03		0		32		3.2

		9		24		0.75		0		32		147.0

		10		25		0.79		0		32		148.9

		11		30		0.95		0		32		157.4

		12		30		0.93		0		32		156.5

		13		30		0.93		0		32		156.8

		14		19		0.61		0		32		136.8

		15		23		0.71		0		32		144.1

		16		34		0.07		32		32		163.1

		17		42		0.30		32		32		172.2

		18		50		0.56		32		32		180.5

		19		58		0.83		32		32		187.8

		20		33		0.03		32		32		161.4

		21		50		0.57		32		32		180.8

		22		44		0.39		32		32		175.0

		23		34		0.06		32		32		162.5

		24		46		0.44		32		32		176.9

		25		43		0.35		32		32		174.0

		26		42		0.32		32		32		172.8

		27		34		0.07		32		32		163.2

		28		51		0.58		32		32		181.1

		29		33		0.02		32		32		160.8

		30		46		0.43		32		32		176.6

		31		41		0.27		32		32		171.0

		32		112		0.75		64		64		217.8

		33		86		0.35		64		64		205.8

		34		78		0.22		64		64		201.3

		35		94		0.47		64		64		209.8

		36		88		0.38		64		64		206.8

		37		124		0.94		64		64		222.5

		38		65		0.02		64		64		192.8

		39		75		0.18		64		64		199.5

		40		119		0.85		64		64		220.4

		41		70		0.09		64		64		195.8

		42		69		0.07		64		64		195.3

		43		72		0.12		64		64		197.1

		44		83		0.30		64		64		204.1

		45		96		0.49		64		64		210.5		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		46		116		0.81		64		64		219.4

		47		92		0.43		64		64		208.6

		48		233		0.82		128		128		251.6

		49		236		0.84		128		128		252.3

		50		140		0.09		128		128		228.1

		51		234		0.83		128		128		251.9

		52		229		0.79		128		128		250.8

		53		171		0.33		128		128		237.3

		54		153		0.20		128		128		232.2

		55		237		0.85		128		128		252.5

		56		185		0.44		128		128		240.9

		57		241		0.89		128		128		253.3

		58		200		0.57		128		128		244.7

		59		135		0.06		128		128		226.5

		60		135		0.05		128		128		226.3

		61		201		0.57		128		128		244.9

		62		173		0.35		128		128		237.9

		63		154		0.21		128		128		232.6				256		8
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time series (long)
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		-15		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		-12		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		-17		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		13		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-2		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		-18		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		-4		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		8		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		6		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		-19		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		-17		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		15		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		-6		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		-0		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		-20		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		-6		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		7		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-9		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		-17		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		13		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		11		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		15		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-2		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		-16		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		-13		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		-13		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		1		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		1		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-19		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		5		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		-20		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		-17		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		-21		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		-9		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		3		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-4		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		3		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		13		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		-1		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		-13		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		18		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-10		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		15		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		19		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		8		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-1		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-14		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		-6		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		-3		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		3		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		21		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		-16		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		9		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		6		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		3		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		10		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		16		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		15		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-20		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		-9		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		13		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		14		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		-13		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		8		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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										1				1.022																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.82		0		32		81.0

		2		16		0.52		0.41		0		32		129.4

		3		29		0.91		0.04		0		32		155.7

		4		12		0.36		0.08		0		32		112.9

		5		19		0.59		0.94		0		32		135.6

		6		31		0.95		0.28		0		32		157.8

		7		5		0.17		0.71		0		32		77.2

		8		3		0.09		0.41		0		32		50.9

		9		2		0.05		0.27		0		32		21.9

		10		16		0.50		0.26		0		32		128.4

		11		30		0.93		0.44		0		32		156.5

		12		18		0.55		0.27		0		32		132.2

		13		17		0.52		0.30		0		32		129.5

		14		14		0.44		0.05		0		32		121.7

		15		25		0.80		0.47		0		32		149.5

		16		19		0.58		0.52		0		32		134.8

		17		35		0.09		0.12		32		32		163.8

		18		42		0.31		0.48		32		32		172.5

		19		52		0.61		0.78		32		32		182.0

		20		40		0.25		0.06		32		32		170.2

		21		51		0.58		0.14		32		32		181.2

		22		61		0.92		0.97		32		32		190.0

		23		54		0.68		0.96		32		32		183.9

		24		44		0.36		0.32		32		32		174.3

		25		61		0.90		0.51		32		32		189.5

		26		34		0.06		0.37		32		32		162.8

		27		53		0.65		0.72		32		32		183.1

		28		55		0.73		0.58		32		32		185.4

		29		49		0.52		0.81		32		32		179.3

		30		60		0.87		0.62		32		32		189.0

		31		32		0.01		0.76		32		32		160.4

		32		60		0.86		0.77		32		32		188.7

		33		114		0.78		0.17		64		64		218.5

		34		73		0.15		0.08		64		64		198.4

		35		70		0.10		0.91		64		64		196.5

		36		101		0.59		0.18		64		64		213.3

		37		94		0.47		0.97		64		64		209.7

		38		89		0.39		0.29		64		64		207.1

		39		128		0.99		0.39		64		64		223.9

		40		93		0.46		0.50		64		64		209.5

		41		121		0.88		0.52		64		64		221.2

		42		69		0.08		0.46		64		64		195.5

		43		95		0.49		0.72		64		64		210.3

		44		91		0.42		0.90		64		64		208.2

		45		108		0.68		1.00		64		64		216.1

		46		126		0.97		0.81		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		0.59		64		64		207.0

		48		84		0.32		0.59		64		64		204.7

		49		137		0.07		0.09		128		128		227.1

		50		252		0.97		0.42		128		128		255.2

		51		197		0.54		0.53		128		128		243.9

		52		186		0.45		0.86		128		128		241.3

		53		179		0.40		0.02		128		128		239.4

		54		190		0.48		0.79		128		128		242.1

		55		234		0.83		0.75		128		128		251.9

		56		180		0.41		0.82		128		128		239.8

		57		243		0.90		1.00		128		128		253.6

		58		218		0.70		0.09		128		128		248.6

		59		193		0.51		0.99		128		128		243.0

		60		242		0.89		0.12		128		128		253.4

		61		181		0.42		0.40		128		128		240.1

		62		241		0.88		0.65		128		128		253.1

		63		212		0.65		0.45		128		128		247.2

		64		146		0.14		0.63		128		128		230.1				256		8
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		7		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		12		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		-4		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		1		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-18		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		4		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		-19		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		-5		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		-14		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		-18		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		11		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		7		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		8		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		16		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		-21		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		-19		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-17		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		16		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		9		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		20		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-18		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		10		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-16		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		5		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		20		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		10		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		-19		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		-3		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-4		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		-15		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		14		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		16		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		10		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		14		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		7		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		13		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		-16		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		18		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		6		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		-1		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		4		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		4		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		-0		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		12		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		-21		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-1		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-21		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		10		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		-12		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		-4		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		18		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		4		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		9		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		-6		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		-10		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		-18		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		16		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		13		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-15		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		15		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		9		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		11		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		19		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		21		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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• Linear visual mapping
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time series

										1				1.022																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.59		0		32		81.0

		2		16		0.52		0.34		0		32		129.4

		3		29		0.91		0.42		0		32		155.7

		4		12		0.36		0.80		0		32		112.9

		5		19		0.59		0.03		0		32		135.6

		6		31		0.95		0.93		0		32		157.8

		7		5		0.17		0.37		0		32		77.2

		8		3		0.09		0.17		0		32		50.9

		9		2		0.05		0.36		0		32		21.9

		10		16		0.50		0.74		0		32		128.4

		11		30		0.93		0.62		0		32		156.5

		12		18		0.55		0.28		0		32		132.2

		13		17		0.52		0.07		0		32		129.5

		14		14		0.44		0.33		0		32		121.7

		15		25		0.80		0.29		0		32		149.5

		16		19		0.58		0.69		0		32		134.8

		17		35		0.09		0.59		32		32		163.8

		18		42		0.31		0.15		32		32		172.5

		19		52		0.61		0.74		32		32		182.0

		20		40		0.25		0.49		32		32		170.2

		21		51		0.58		0.97		32		32		181.2

		22		61		0.92		0.09		32		32		190.0

		23		54		0.68		0.10		32		32		183.9

		24		44		0.36		0.58		32		32		174.3

		25		61		0.90		0.86		32		32		189.5

		26		34		0.06		0.57		32		32		162.8

		27		53		0.65		0.94		32		32		183.1

		28		55		0.73		0.39		32		32		185.4

		29		49		0.52		0.95		32		32		179.3

		30		60		0.87		0.79		32		32		189.0

		31		32		0.01		0.27		32		32		160.4

		32		60		0.86		0.96		32		32		188.7

		33		114		0.78		0.13		64		64		218.5

		34		73		0.15		0.76		64		64		198.4

		35		70		0.10		0.91		64		64		196.5

		36		101		0.59		0.75		64		64		213.3

		37		94		0.47		0.72		64		64		209.7

		38		89		0.39		0.79		64		64		207.1

		39		128		0.99		0.71		64		64		223.9

		40		93		0.46		0.95		64		64		209.5

		41		121		0.88		0.36		64		64		221.2

		42		69		0.08		0.43		64		64		195.5

		43		95		0.49		0.69		64		64		210.3

		44		91		0.42		0.86		64		64		208.2

		45		108		0.68		0.14		64		64		216.1

		46		126		0.97		0.41		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		0.05		64		64		207.0

		48		84		0.32		0.98		64		64		204.7

		49		137		0.07		0.78		128		128		227.1

		50		252		0.97		0.36		128		128		255.2

		51		197		0.54		0.50		128		128		243.9

		52		186		0.45		0.26		128		128		241.3

		53		179		0.40		0.54		128		128		239.4

		54		190		0.48		0.27		128		128		242.1

		55		234		0.83		0.06		128		128		251.9

		56		180		0.41		0.85		128		128		239.8

		57		243		0.90		0.74		128		128		253.6

		58		218		0.70		0.94		128		128		248.6

		59		193		0.51		0.77		128		128		243.0

		60		242		0.89		0.34		128		128		253.4

		61		181		0.42		0.35		128		128		240.1

		62		241		0.88		0.08		128		128		253.1

		63		212		0.65		0.98		128		128		247.2

		64		146		0.14		0.06		128		128		230.1				256		8
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		-18		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		14		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		9		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		-17		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		15		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		-18		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		0		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		3		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		-16		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		8		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		-8		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		-14		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		-0		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		-10		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		21		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		-20		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		4		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		2		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		-8		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		12		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		11		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		2		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-4		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		-10		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		3		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		4		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		2		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		7		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-17		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		13		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		15		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		-20		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		13		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		-1		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		15		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		11		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		4		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		-8		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		8		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		-11		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		14		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		19		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		-9		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		16		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		2		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		1		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-19		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		2		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		1		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		4		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		-8		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		7		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		7		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		4		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		11		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		-4		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		20		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		14		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-4		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		8		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		-16		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		-15		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		-11		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		3		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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time series

										1				1.022																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.86		0		32		81.0

		2		16		0.52		0.54		0		32		129.4

		3		29		0.91		0.56		0		32		155.7

		4		12		0.36		0.08		0		32		112.9

		5		19		0.59		0.13		0		32		135.6

		6		31		0.95		0.10		0		32		157.8

		7		5		0.17		0.62		0		32		77.2

		8		3		0.09		0.16		0		32		50.9

		9		2		0.05		0.54		0		32		21.9

		10		16		0.50		0.37		0		32		128.4

		11		30		0.93		0.69		0		32		156.5

		12		18		0.55		0.26		0		32		132.2

		13		17		0.52		0.76		0		32		129.5

		14		14		0.44		0.75		0		32		121.7

		15		25		0.80		0.50		0		32		149.5

		16		19		0.58		0.11		0		32		134.8

		17		35		0.09		0.17		32		32		163.8

		18		42		0.31		0.10		32		32		172.5

		19		52		0.61		0.91		32		32		182.0

		20		40		0.25		0.24		32		32		170.2

		21		51		0.58		0.63		32		32		181.2

		22		61		0.92		0.87		32		32		190.0

		23		54		0.68		0.79		32		32		183.9

		24		44		0.36		0.70		32		32		174.3

		25		61		0.90		0.43		32		32		189.5

		26		34		0.06		0.36		32		32		162.8

		27		53		0.65		0.09		32		32		183.1

		28		55		0.73		0.34		32		32		185.4

		29		49		0.52		0.37		32		32		179.3

		30		60		0.87		0.04		32		32		189.0

		31		32		0.01		0.24		32		32		160.4

		32		60		0.86		0.87		32		32		188.7

		33		114		0.78		0.72		64		64		218.5

		34		73		0.15		0.95		64		64		198.4

		35		70		0.10		0.00		64		64		196.5

		36		101		0.59		0.48		64		64		213.3

		37		94		0.47		0.99		64		64		209.7

		38		89		0.39		0.56		64		64		207.1

		39		128		0.99		0.36		64		64		223.9

		40		93		0.46		0.89		64		64		209.5

		41		121		0.88		0.63		64		64		221.2

		42		69		0.08		0.34		64		64		195.5

		43		95		0.49		0.83		64		64		210.3

		44		91		0.42		0.17		64		64		208.2

		45		108		0.68		0.45		64		64		216.1

		46		126		0.97		1.00		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		0.60		64		64		207.0

		48		84		0.32		0.74		64		64		204.7

		49		137		0.07		0.82		128		128		227.1

		50		252		0.97		0.40		128		128		255.2

		51		197		0.54		0.63		128		128		243.9

		52		186		0.45		0.29		128		128		241.3

		53		179		0.40		0.73		128		128		239.4

		54		190		0.48		0.86		128		128		242.1

		55		234		0.83		0.82		128		128		251.9

		56		180		0.41		0.86		128		128		239.8

		57		243		0.90		0.77		128		128		253.6

		58		218		0.70		0.16		128		128		248.6

		59		193		0.51		0.96		128		128		243.0

		60		242		0.89		0.96		128		128		253.4

		61		181		0.42		0.00		128		128		240.1

		62		241		0.88		0.01		128		128		253.1

		63		212		0.65		0.34		128		128		247.2

		64		146		0.14		0.37		128		128		230.1				256		8
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time series (long)
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		8		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		5		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		16		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		5		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-11		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		20		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		-17		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		5		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		-2		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		-12		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		4		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		6		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		20		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		18		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		-15		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		-15		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-18		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-4		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		-8		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		9		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-9		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		18		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		16		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		-6		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		-19		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		-4		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		-18		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		-12		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-0		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		-1		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		18		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		20		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		15		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		-12		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		-15		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-10		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		20		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		-15		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		2		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		-15		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		-1		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-6		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		-9		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		0		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		18		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-19		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		7		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		9		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		17		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		-16		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		18		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		-1		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		-15		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		-20		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		-8		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		1		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		-1		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		11		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-19		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		-19		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		-21		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		-5		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		-9		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		15		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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• Non-linear visual mapping
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time series

										1				1.022																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.94		0		32		81.0

		2		16		0.52		0.57		0		32		129.4

		3		29		0.91		0.61		0		32		155.7

		4		12		0.36		0.57		0		32		112.9

		5		19		0.59		0.29		0		32		135.6

		6		31		0.95		0.77		0		32		157.8

		7		5		0.17		0.78		0		32		77.2

		8		3		0.09		0.26		0		32		50.9

		9		2		0.05		0.05		0		32		21.9

		10		16		0.50		0.43		0		32		128.4

		11		30		0.93		0.56		0		32		156.5

		12		18		0.55		0.48		0		32		132.2

		13		17		0.52		0.18		0		32		129.5

		14		14		0.44		0.23		0		32		121.7

		15		25		0.80		0.61		0		32		149.5

		16		19		0.58		0.95		0		32		134.8

		17		35		0.09		0.82		32		32		163.8

		18		42		0.31		0.37		32		32		172.5

		19		52		0.61		0.88		32		32		182.0

		20		40		0.25		0.58		32		32		170.2

		21		51		0.58		0.55		32		32		181.2

		22		61		0.92		0.12		32		32		190.0

		23		54		0.68		0.35		32		32		183.9

		24		44		0.36		0.38		32		32		174.3

		25		61		0.90		0.30		32		32		189.5

		26		34		0.06		0.16		32		32		162.8

		27		53		0.65		0.49		32		32		183.1

		28		55		0.73		0.32		32		32		185.4

		29		49		0.52		0.76		32		32		179.3

		30		60		0.87		0.90		32		32		189.0

		31		32		0.01		0.29		32		32		160.4

		32		60		0.86		0.50		32		32		188.7

		33		114		0.78		0.04		64		64		218.5

		34		73		0.15		0.44		64		64		198.4

		35		70		0.10		0.92		64		64		196.5

		36		101		0.59		0.44		64		64		213.3

		37		94		0.47		0.79		64		64		209.7

		38		89		0.39		0.45		64		64		207.1

		39		128		0.99		0.18		64		64		223.9

		40		93		0.46		0.39		64		64		209.5

		41		121		0.88		0.87		64		64		221.2

		42		69		0.08		0.65		64		64		195.5

		43		95		0.49		0.02		64		64		210.3

		44		91		0.42		0.66		64		64		208.2

		45		108		0.68		0.84		64		64		216.1

		46		126		0.97		0.53		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		0.76		64		64		207.0

		48		84		0.32		0.25		64		64		204.7

		49		137		0.07		0.07		128		128		227.1

		50		252		0.97		0.80		128		128		255.2

		51		197		0.54		0.75		128		128		243.9

		52		186		0.45		0.64		128		128		241.3

		53		179		0.40		0.93		128		128		239.4

		54		190		0.48		0.02		128		128		242.1

		55		234		0.83		0.10		128		128		251.9

		56		180		0.41		0.94		128		128		239.8

		57		243		0.90		0.95		128		128		253.6

		58		218		0.70		0.87		128		128		248.6

		59		193		0.51		0.59		128		128		243.0

		60		242		0.89		0.90		128		128		253.4

		61		181		0.42		0.82		128		128		240.1

		62		241		0.88		0.93		128		128		253.1

		63		212		0.65		0.84		128		128		247.2

		64		146		0.14		0.20		128		128		230.1				256		8
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		10		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		-2		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		10		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		7		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		18		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		-20		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		14		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		-8		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		-16		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		2		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		-10		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		17		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		-10		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		-13		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		-20		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		-21		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-11		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		20		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		12		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		-19		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-13		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		-5		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-14		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		13		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		18		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		-3		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		-12		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		-2		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		15		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		6		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		-14		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		-14		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		0		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		-8		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		-3		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		2		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		0		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		5		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		5		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		10		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		-5		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-7		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		-18		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		-5		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		-14		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-5		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-12		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		1		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		6		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		12		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		9		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		7		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		-3		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		-20		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		5		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		20		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		12		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		-8		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-13		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		2		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		-12		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		-0		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		10		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-11		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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time series

										1				1.022																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.08		0		32		81.0

		2		16		0.52		0.42		0		32		129.4

		3		29		0.91		0.11		0		32		155.7

		4		12		0.36		0.47		0		32		112.9

		5		19		0.59		0.40		0		32		135.6

		6		31		0.95		0.63		0		32		157.8

		7		5		0.17		0.59		0		32		77.2

		8		3		0.09		0.22		0		32		50.9

		9		2		0.05		0.75		0		32		21.9

		10		16		0.50		0.31		0		32		128.4

		11		30		0.93		0.38		0		32		156.5

		12		18		0.55		0.73		0		32		132.2

		13		17		0.52		0.90		0		32		129.5

		14		14		0.44		0.03		0		32		121.7

		15		25		0.80		0.75		0		32		149.5

		16		19		0.58		0.38		0		32		134.8

		17		35		0.09		0.53		32		32		163.8

		18		42		0.31		0.29		32		32		172.5

		19		52		0.61		0.43		32		32		182.0

		20		40		0.25		0.55		32		32		170.2

		21		51		0.58		0.04		32		32		181.2

		22		61		0.92		0.07		32		32		190.0

		23		54		0.68		0.40		32		32		183.9

		24		44		0.36		0.58		32		32		174.3

		25		61		0.90		0.28		32		32		189.5

		26		34		0.06		0.16		32		32		162.8

		27		53		0.65		0.58		32		32		183.1

		28		55		0.73		0.56		32		32		185.4

		29		49		0.52		0.88		32		32		179.3

		30		60		0.87		0.02		32		32		189.0

		31		32		0.01		0.01		32		32		160.4

		32		60		0.86		0.23		32		32		188.7

		33		114		0.78		0.83		64		64		218.5

		34		73		0.15		0.01		64		64		198.4

		35		70		0.10		1.00		64		64		196.5

		36		101		0.59		0.86		64		64		213.3

		37		94		0.47		0.54		64		64		209.7

		38		89		0.39		0.81		64		64		207.1

		39		128		0.99		0.21		64		64		223.9

		40		93		0.46		0.79		64		64		209.5

		41		121		0.88		0.32		64		64		221.2

		42		69		0.08		0.91		64		64		195.5

		43		95		0.49		0.79		64		64		210.3

		44		91		0.42		0.44		64		64		208.2

		45		108		0.68		0.59		64		64		216.1

		46		126		0.97		0.86		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		0.78		64		64		207.0

		48		84		0.32		0.89		64		64		204.7

		49		137		0.07		0.64		128		128		227.1

		50		252		0.97		0.34		128		128		255.2

		51		197		0.54		0.57		128		128		243.9

		52		186		0.45		0.51		128		128		241.3

		53		179		0.40		0.22		128		128		239.4

		54		190		0.48		0.97		128		128		242.1

		55		234		0.83		1.00		128		128		251.9

		56		180		0.41		0.73		128		128		239.8

		57		243		0.90		0.16		128		128		253.6

		58		218		0.70		0.97		128		128		248.6

		59		193		0.51		0.33		128		128		243.0

		60		242		0.89		0.45		128		128		253.4

		61		181		0.42		0.99		128		128		240.1

		62		241		0.88		0.77		128		128		253.1

		63		212		0.65		0.33		128		128		247.2

		64		146		0.14		0.69		128		128		230.1				256		8
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time series (long)
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		-10		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		3		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		-15		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		13		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		17		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		-18		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		-20		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		-15		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		-12		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		-20		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		8		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		-17		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		-1		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		4		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		-15		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		1		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-15		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-13		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		14		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		-6		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-17		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		-6		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-9		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		2		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		-15		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		-20		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		15		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		20		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		15		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		12		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		-7		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		13		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		-14		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		8		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		3		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		6		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		-5		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		14		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		-16		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		8		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		8		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-2		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		-20		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		-7		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		-6		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		13		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		1		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		0		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		19		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		-6		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		-9		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		7		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		12		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		-20		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		19		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		1		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		-8		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		12		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-7		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		14		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		5		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		8		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		-10		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		11		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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time series (2)

										1		32		2.000																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log		Banding

		0

		1		6		0.18		0.33		0		32		81.0		12

		2		16		0.52		0.11		0		32		129.4		33

		3		29		0.91		0.72		0		32		155.7		58

		4		12		0.36		0.77		0		32		112.9		23

		5		19		0.59		0.93		0		32		135.6		38

		6		31		0.95		0.08		0		32		157.8		61

		7		5		0.17		0.43		0		32		77.2		11

		8		3		0.09		0.25		0		32		50.9		6

		9		2		0.05		0.15		0		32		21.9		3

		10		16		0.50		0.35		0		32		128.4		32

		11		30		0.93		0.68		0		32		156.5		59

		12		18		0.55		0.20		0		32		132.2		35

		13		17		0.52		0.61		0		32		129.5		33

		14		14		0.44		0.59		0		32		121.7		28

		15		25		0.80		0.24		0		32		149.5		51

		16		19		0.58		0.83		0		32		134.8		37

		17		35		0.09		0.72		32		32		163.8		69

		18		42		0.31		0.23		32		32		172.5		84

		19		52		0.61		0.44		32		32		182.0		103

		20		40		0.25		0.11		32		32		170.2		80

		21		51		0.58		0.20		32		32		181.2		101

		22		61		0.92		0.21		32		32		190.0		123

		23		54		0.68		0.54		32		32		183.9		107

		24		44		0.36		0.35		32		32		174.3		87

		25		61		0.90		0.65		32		32		189.5		121

		26		34		0.06		0.34		32		32		162.8		68

		27		53		0.65		0.36		32		32		183.1		106

		28		55		0.73		0.87		32		32		185.4		111

		29		49		0.52		0.64		32		32		179.3		97

		30		60		0.87		0.54		32		32		189.0		120

		31		32		0.01		0.80		32		32		160.4		65

		32		60		0.86		0.98		32		32		188.7		119

		33		114		0.78		0.76		64		64		218.5		178

		34		73		0.15		0.74		64		64		198.4		137

		35		70		0.10		0.74		64		64		196.5		134

		36		101		0.59		0.35		64		64		213.3		165

		37		94		0.47		0.24		64		64		209.7		158

		38		89		0.39		0.23		64		64		207.1		153

		39		128		0.99		0.57		64		64		223.9		192

		40		93		0.46		0.28		64		64		209.5		157

		41		121		0.88		0.05		64		64		221.2		185

		42		69		0.08		0.08		64		64		195.5		133

		43		95		0.49		0.71		64		64		210.3		159

		44		91		0.42		0.91		64		64		208.2		155

		45		108		0.68		0.85		64		64		216.1		172

		46		126		0.97		0.04		64		64		223.2		190

		47		89		0.38		0.13		64		64		207.0		153

		48		84		0.32		0.15		64		64		204.7		148

		49		137		0.07		0.91		128		128		227.1		196

		50		252		0.97		0.83		128		128		255.2		254

		51		197		0.54		0.89		128		128		243.9		226

		52		186		0.45		0.42		128		128		241.3		221

		53		179		0.40		0.57		128		128		239.4		217

		54		190		0.48		0.03		128		128		242.1		223

		55		234		0.83		0.49		128		128		251.9		245

		56		180		0.41		0.91		128		128		239.8		218

		57		243		0.90		0.50		128		128		253.6		250

		58		218		0.70		0.01		128		128		248.6		237

		59		193		0.51		0.60		128		128		243.0		225

		60		242		0.89		0.20		128		128		253.4		249

		61		181		0.42		0.59		128		128		240.1		219

		62		241		0.88		0.99		128		128		253.1		248

		63		212		0.65		0.65		128		128		247.2		234

		64		146		0.14		0.77		128		128		230.1		201		256		8
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time series (long)

		



value



		



value



		



value



										1		32		2.000																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log		Banding

		0

		1		6		0.18		0.70		0		32		81.0		23

		2		16		0.52		0.22		0		32		129.4		66

		3		29		0.91		0.85		0		32		155.7		117

		4		12		0.36		0.47		0		32		112.9		46

		5		19		0.59		0.74		0		32		135.6		75

		6		31		0.95		0.40		0		32		157.8		122

		7		5		0.17		0.66		0		32		77.2		21

		8		3		0.09		0.26		0		32		50.9		12

		9		2		0.05		0.92		0		32		21.9		6

		10		16		0.50		0.65		0		32		128.4		65

		11		30		0.93		0.41		0		32		156.5		119

		12		18		0.55		0.91		0		32		132.2		70

		13		17		0.52		0.23		0		32		129.5		66

		14		14		0.44		0.31		0		32		121.7		56

		15		25		0.80		0.39		0		32		149.5		102

		16		19		0.58		0.95		0		32		134.8		74

		17		35		0.09		0.18		32		32		163.8		135

		18		42		0.31		0.43		32		32		172.5		149

		19		52		0.61		0.12		32		32		182.0		168

		20		40		0.25		0.63		32		32		170.2		145

		21		51		0.58		0.99		32		32		181.2		166

		22		61		0.92		0.52		32		32		190.0		187

		23		54		0.68		0.98		32		32		183.9		172

		24		44		0.36		0.33		32		32		174.3		153

		25		61		0.90		0.77		32		32		189.5		186

		26		34		0.06		0.86		32		32		162.8		134

		27		53		0.65		0.76		32		32		183.1		170

		28		55		0.73		0.95		32		32		185.4		176

		29		49		0.52		0.58		32		32		179.3		162

		30		60		0.87		0.40		32		32		189.0		184

		31		32		0.01		0.19		32		32		160.4		131

		32		60		0.86		1.00		32		32		188.7		183

		33		114		0.78		0.53		64		64		218.5		218

		34		73		0.15		0.61		64		64		198.4		200

		35		70		0.10		0.63		64		64		196.5		198

		36		101		0.59		0.76		64		64		213.3		212

		37		94		0.47		0.97		64		64		209.7		209

		38		89		0.39		0.86		64		64		207.1		207

		39		128		0.99		0.58		64		64		223.9		224

		40		93		0.46		0.20		64		64		209.5		209

		41		121		0.88		0.66		64		64		221.2		221

		42		69		0.08		0.49		64		64		195.5		198

		43		95		0.49		0.74		64		64		210.3		209

		44		91		0.42		0.11		64		64		208.2		208

		45		108		0.68		0.25		64		64		216.1		215

		46		126		0.97		0.71		64		64		223.2		223

		47		89		0.38		0.97		64		64		207.0		206

		48		84		0.32		0.48		64		64		204.7		205

		49		137		0.07		0.63		128		128		227.1		230

		50		252		0.97		0.42		128		128		255.2		255

		51		197		0.54		0.00		128		128		243.9		243

		52		186		0.45		0.10		128		128		241.3		241

		53		179		0.40		0.40		128		128		239.4		239

		54		190		0.48		0.63		128		128		242.1		241

		55		234		0.83		0.93		128		128		251.9		251

		56		180		0.41		0.86		128		128		239.8		239

		57		243		0.90		0.40		128		128		253.6		253

		58		218		0.70		0.97		128		128		248.6		248

		59		193		0.51		1.00		128		128		243.0		242

		60		242		0.89		0.71		128		128		253.4		253

		61		181		0.42		0.58		128		128		240.1		240

		62		241		0.88		0.81		128		128		253.1		253

		63		212		0.65		0.07		128		128		247.2		246

		64		146		0.14		0.75		128		128		230.1		232		256		8
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value



				Data Space X																				Linear Mapping																		Nonlinear Mapping

				# sample		64		# values		256		# region		2										D		4096

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		128		0.5		0.00390625		-0.03125		4		2		256				64		32		0.5		0.015625		-0.09375		3		6		192				64		32		0.5		0.015625		-0.09375		3		6		192

				64		256		128		0.5		0.00390625		-0.03125		4		2		256				64		32		0.5		0.015625		-0.09375		3		6		192				64		32		0.5		0.015625		-0.09375		3		6		192

								256		1								H(x)		512						64		1								V(G)		384						64		1								V(G)		384

																																				VMR		0.75																VMR		0.75

																																				ILR		0.25																ILR		0.25

																																				DSU		0.09375																DSU		0.09375

				# sample		64		# values		256		# region		4

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		64		0.5		0.0078125		-0.0546875		3.5		3.5		224				64		16		0.5		0.03125		-0.15625		2.5		10		160				64		32		0.5		0.015625		-0.09375		3		6		192				0.0078125

				64		256		64		0.25		0.00390625		-0.03125		2		2		128				64		16		0.25		0.015625		-0.09375		1.5		6		96				64		16		0.25		0.015625		-0.09375		1.5		6		96				0.00390625

				64		256		64		0.125		0.001953125		-0.017578125		1.125		1.125		72				64		16		0.125		0.0078125		-0.0546875		0.875		3.5		56				64		8		0.125		0.015625		-0.09375		0.75		6		48

				64		256		64		0.125		0.001953125		-0.017578125		1.125		1.125		72				64		16		0.125		0.0078125		-0.0546875		0.875		3.5		56				64		8		0.125		0.015625		-0.09375		0.75		6		48

								256		1								H(x)		496						64		1								V(G)		368						64		1								V(G)		384

																																				VMR		0.7419354839																VMR		0.7741935484

																																				ILR		0.2580645161																ILR		0.2258064516

																																				DSU		0.08984375																DSU		0.09375

				# sample		64		# values		256		# region		8

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		32		0.5		0.015625		-0.09375		3		6		192				64		8		0.5		0.0625		-0.25		2		16		128				64		32		0.5		0.015625		-0.09375		3		6		192

				64		256		32		0.25		0.0078125		-0.0546875		1.75		3.5		112				64		8		0.25		0.03125		-0.15625		1.25		10		80				64		16		0.25		0.015625		-0.09375		1.5		6		96

				64		256		32		0.125		0.00390625		-0.03125		1		2		64				64		8		0.125		0.015625		-0.09375		0.75		6		48				64		8		0.125		0.015625		-0.09375		0.75		6		48

				64		256		32		0.0625		0.001953125		-0.017578125		0.5625		1.125		36				64		8		0.0625		0.0078125		-0.0546875		0.4375		3.5		28				64		4		0.0625		0.015625		-0.09375		0.375		6		24

				64		256		32		0.03125		0.0009765625		-0.009765625		0.3125		0.625		20				64		8		0.03125		0.00390625		-0.03125		0.25		2		16				64		2		0.03125		0.015625		-0.09375		0.1875		6		12

				64		256		32		0.015625		0.0004882813		-0.0053710938		0.171875		0.34375		11				64		8		0.015625		0.001953125		-0.017578125		0.140625		1.125		9				64		1		0.015625		0.015625		-0.09375		0.09375		6		6

				64		256		32		0.0078125		0.0002441406		-0.0029296875		0.09375		0.1875		6				64		8		0.0078125		0.0009765625		-0.009765625		0.078125		0.625		5				64		1		0.0078125		0.015625		-0.09375		0.09375		6		6

				64		256		32		0.0078125		0.0002441406		-0.0029296875		0.09375		0.1875		6				64		8		0.0078125		0.0009765625		-0.009765625		0.078125		0.625		5				64		0		0.0078125		0		0		0		0		0

								256		1								H(x)		447						64		1								V(G)		319						64		1								V(G)		384

																																				VMR		0.7136465324																VMR		0.8590604027

																																				ILR		0.2863534676																ILR		0.1409395973

																																				DSU		0.0778808594																DSU		0.09375

				# sample		64		# values		256		# region		16

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		16		0.5		0.03125		-0.15625		2.5		10		160				64		4		0.5		0.125		-0.375		1.5		24		96				64		32		0.5		0.015625		-0.09375		3		6		192

				64		256		16		0.25		0.015625		-0.09375		1.5		6		96				64		4		0.25		0.0625		-0.25		1		16		64				64		16		0.25		0.015625		-0.09375		1.5		6		96

				64		256		16		0.125		0.0078125		-0.0546875		0.875		3.5		56				64		4		0.125		0.03125		-0.15625		0.625		10		40				64		8		0.125		0.015625		-0.09375		0.75		6		48

				64		256		16		0.0625		0.00390625		-0.03125		0.5		2		32				64		4		0.0625		0.015625		-0.09375		0.375		6		24				64		4		0.0625		0.015625		-0.09375		0.375		6		24

				64		256		16		0.03125		0.001953125		-0.017578125		0.28125		1.125		18				64		4		0.03125		0.0078125		-0.0546875		0.21875		3.5		14				64		2		0.03125		0.015625		-0.09375		0.1875		6		12

				64		256		16		0.015625		0.0009765625		-0.009765625		0.15625		0.625		10				64		4		0.015625		0.00390625		-0.03125		0.125		2		8				64		1		0.015625		0.015625		-0.09375		0.09375		6		6

				64		256		16		0.0078125		0.0004882813		-0.0053710938		0.0859375		0.34375		5.5				64		4		0.0078125		0.001953125		-0.017578125		0.0703125		1.125		4.5				64		1		0.0078125		0.015625		-0.09375		0.09375		6		6

				64		256		16		0.00390625		0.0002441406		-0.0029296875		0.046875		0.1875		3				64		4		0.00390625		0.0009765625		-0.009765625		0.0390625		0.625		2.5				64		0		0.00390625		0		0		0		0		0

				64		256		16		0.001953125		0.0001220703		-0.0015869141		0.025390625		0.1015625		1.625				64		4		0.001953125		0.0004882813		-0.0053710938		0.021484375		0.34375		1.375				64		0		0.001953125		0		0		0		0		0

				64		256		16		0.0009765625		0.0000610352		-0.0008544922		0.013671875		0.0546875		0.875				64		4		0.0009765625		0.0002441406		-0.0029296875		0.01171875		0.1875		0.75				64		0		0.0009765625		0		0		0		0		0

				64		256		16		0.0004882813		0.0000305176		-0.0004577637		0.0073242188		0.029296875		0.46875				64		4		0.0004882813		0.0001220703		-0.0015869141		0.0063476563		0.1015625		0.40625				64		0		0.0004882813		0		0		0		0		0

				64		256		16		0.0002441406		0.0000152588		-0.0002441406		0.00390625		0.015625		0.25				64		4		0.0002441406		0.0000610352		-0.0008544922		0.0034179688		0.0546875		0.21875				64		0		0.0002441406		0		0		0		0		0

				64		256		16		0.0001220703		0.0000076294		-0.0001296997		0.0020751953		0.0083007813		0.1328125				64		4		0.0001220703		0.0000305176		-0.0004577637		0.0018310547		0.029296875		0.1171875				64		0		0.0001220703		0		0		0		0		0

				64		256		16		0.0000610352		0.0000038147		-0.0000686646		0.0010986328		0.0043945313		0.0703125				64		4		0.0000610352		0.0000152588		-0.0002441406		0.0009765625		0.015625		0.0625				64		0		0.0000610352		0		0		0		0		0

				64		256		16		0.0000305176		0.0000019073		-0.0000362396		0.000579834		0.0023193359		0.037109375				64		4		0.0000305176		0.0000076294		-0.0001296997		0.0005187988		0.0083007813		0.033203125				64		0		0.0000305176		0		0		0		0		0

				64		256		16		0.0000305176		0.0000019073		-0.0000362396		0.000579834		0.0023193359		0.037109375				64		4		0.0000305176		0.0000076294		-0.0001296997		0.0005187988		0.0083007813		0.033203125				64		0		0.0000305176		0		0		0		0		0

								256		1								H(x)		383.99609375						64		1								V(G)		255.99609375						64		1								V(G)		384

																																				VMR		0.6666632758								0.015625								VMR		1.0000101726

																																				ILR		0.3333367242																ILR		-0.0000101726

																																				DSU		0.0624990463																DSU		0.09375

				# sample		64		# values		256		# region		32

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		8		0.5		0.0625		-0.25		2		16		128				64		2		0.5		0.25		-0.5		1		32		64				64		32		0.5		0.015625		-0.09375		3		6		192

				64		256		8		0.25		0.03125		-0.15625		1.25		10		80				64		2		0.25		0.125		-0.375		0.75		24		48				64		16		0.25		0.015625		-0.09375		1.5		6		96

				64		256		8		0.125		0.015625		-0.09375		0.75		6		48				64		2		0.125		0.0625		-0.25		0.5		16		32				64		8		0.125		0.015625		-0.09375		0.75		6		48

				64		256		8		0.0625		0.0078125		-0.0546875		0.4375		3.5		28				64		2		0.0625		0.03125		-0.15625		0.3125		10		20				64		4		0.0625		0.015625		-0.09375		0.375		6		24

				64		256		8		0.03125		0.00390625		-0.03125		0.25		2		16				64		2		0.03125		0.015625		-0.09375		0.1875		6		12				64		2		0.03125		0.015625		-0.09375		0.1875		6		12

				64		256		8		0.015625		0.001953125		-0.017578125		0.140625		1.125		9				64		2		0.015625		0.0078125		-0.0546875		0.109375		3.5		7				64		1		0.015625		0.015625		-0.09375		0.09375		6		6

				64		256		8		0.0078125		0.0009765625		-0.009765625		0.078125		0.625		5				64		2		0.0078125		0.00390625		-0.03125		0.0625		2		4				64		1		0.0078125		0.015625		-0.09375		0.09375		6		6

				64		256		8		0.00390625		0.0004882813		-0.0053710938		0.04296875		0.34375		2.75				64		2		0.00390625		0.001953125		-0.017578125		0.03515625		1.125		2.25				64		0		0.00390625		0		0		0		0		0

				64		256		8		0.001953125		0.0002441406		-0.0029296875		0.0234375		0.1875		1.5				64		2		0.001953125		0.0009765625		-0.009765625		0.01953125		0.625		1.25				64		0		0.001953125		0		0		0		0		0

				64		256		8		0.0009765625		0.0001220703		-0.0015869141		0.0126953125		0.1015625		0.8125				64		2		0.0009765625		0.0004882813		-0.0053710938		0.0107421875		0.34375		0.6875				64		0		0.0009765625		0		0		0		0		0

				64		256		8		0.0004882813		0.0000610352		-0.0008544922		0.0068359375		0.0546875		0.4375				64		2		0.0004882813		0.0002441406		-0.0029296875		0.005859375		0.1875		0.375				64		0		0.0004882813		0		0		0		0		0

				64		256		8		0.0002441406		0.0000305176		-0.0004577637		0.0036621094		0.029296875		0.234375				64		2		0.0002441406		0.0001220703		-0.0015869141		0.0031738281		0.1015625		0.203125				64		0		0.0002441406		0		0		0		0		0

				64		256		8		0.0001220703		0.0000152588		-0.0002441406		0.001953125		0.015625		0.125				64		2		0.0001220703		0.0000610352		-0.0008544922		0.0017089844		0.0546875		0.109375				64		0		0.0001220703		0		0		0		0		0

				64		256		8		0.0000610352		0.0000076294		-0.0001296997		0.0010375977		0.0083007813		0.06640625				64		2		0.0000610352		0.0000305176		-0.0004577637		0.0009155273		0.029296875		0.05859375				64		0		0.0000610352		0		0		0		0		0

				64		256		8		0.0000305176		0.0000038147		-0.0000686646		0.0005493164		0.0043945313		0.03515625				64		2		0.0000305176		0.0000152588		-0.0002441406		0.0004882813		0.015625		0.03125				64		0		0.0000305176		0		0		0		0		0

				64		256		8		0.0000152588		0.0000019073		-0.0000362396		0.000289917		0.0023193359		0.0185546875				64		2		0.0000152588		0.0000076294		-0.0001296997		0.0002593994		0.0083007813		0.0166015625				64		0		0.0000152588		0		0		0		0		0

				64		256		8		0.0000076294		0.0000009537		-0.0000190735		0.0001525879		0.0012207031		0.009765625				64		2		0.0000076294		0.0000038147		-0.0000686646		0.0001373291		0.0043945313		0.0087890625				64		0		0.0000076294		0		0		0		0		0

				64		256		8		0.0000038147		0.0000004768		-0.0000100136		0.0000801086		0.0006408691		0.0051269531				64		2		0.0000038147		0.0000019073		-0.0000362396		0.0000724792		0.0023193359		0.0046386719				64		0		0.0000038147		0		0		0		0		0

				64		256		8		0.0000019073		0.0000002384		-0.0000052452		0.0000419617		0.0003356934		0.0026855469				64		2		0.0000019073		0.0000009537		-0.0000190735		0.000038147		0.0012207031		0.0024414063				64		0		0.0000019073		0		0		0		0		0

				64		256		8		0.0000009537		0.0000001192		-0.0000027418		0.0000219345		0.0001754761		0.0014038086				64		2		0.0000009537		0.0000004768		-0.0000100136		0.0000200272		0.0006408691		0.0012817383				64		0		0.0000009537		0		0		0		0		0

				64		256		8		0.0000004768		0.0000000596		-0.0000014305		0.0000114441		0.0000915527		0.0007324219				64		2		0.0000004768		0.0000002384		-0.0000052452		0.0000104904		0.0003356934		0.0006713867				64		0		0.0000004768		0		0		0		0		0

				64		256		8		0.0000002384		0.0000000298		-0.0000007451		0.0000059605		0.0000476837		0.0003814697				64		2		0.0000002384		0.0000001192		-0.0000027418		0.0000054836		0.0001754761		0.0003509521				64		0		0.0000002384		0		0		0		0		0

				64		256		8		0.0000001192		0.0000000149		-0.0000003874		0.0000030994		0.0000247955		0.0001983643				64		2		0.0000001192		0.0000000596		-0.0000014305		0.000002861		0.0000915527		0.0001831055				64		0		0.0000001192		0		0		0		0		0

				64		256		8		0.0000000596		0.0000000075		-0.0000002012		0.0000016093		0.0000128746		0.0001029968				64		2		0.0000000596		0.0000000298		-0.0000007451		0.0000014901		0.0000476837		0.0000953674				64		0		0.0000000596		0		0		0		0		0

				64		256		8		0.0000000298		0.0000000037		-0.0000001043		0.0000008345		0.0000066757		0.0000534058				64		2		0.0000000298		0.0000000149		-0.0000003874		0.0000007749		0.0000247955		0.0000495911				64		0		0.0000000298		0		0		0		0		0

				64		256		8		0.0000000149		0.0000000019		-0.000000054		0.0000004321		0.0000034571		0.0000276566				64		2		0.0000000149		0.0000000075		-0.0000002012		0.0000004023		0.0000128746		0.0000257492				64		0		0.0000000149		0		0		0		0		0

				64		256		8		0.0000000075		0.0000000009		-0.0000000279		0.0000002235		0.0000017881		0.0000143051				64		2		0.0000000075		0.0000000037		-0.0000001043		0.0000002086		0.0000066757		0.0000133514				64		0		0.0000000075		0		0		0		0		0

				64		256		8		0.0000000037		0.0000000005		-0.0000000144		0.0000001155		0.0000009239		0.000007391				64		2		0.0000000037		0.0000000019		-0.000000054		0.000000108		0.0000034571		0.0000069141				64		0		0.0000000037		0		0		0		0		0

				64		256		8		0.0000000019		0.0000000002		-0.0000000075		0.0000000596		0.0000004768		0.0000038147				64		2		0.0000000019		0.0000000009		-0.0000000279		0.0000000559		0.0000017881		0.0000035763				64		0		0.0000000019		0		0		0		0		0

				64		256		8		0.0000000009		0.0000000001		-0.0000000038		0.0000000307		0.0000002459		0.000001967				64		2		0.0000000009		0.0000000005		-0.0000000144		0.0000000289		0.0000009239		0.0000018477				64		0		0.0000000009		0		0		0		0		0

				64		256		8		0.0000000005		0.0000000001		-0.000000002		0.0000000158		0.0000001267		0.0000010133				64		2		0.0000000005		0.0000000002		-0.0000000075		0.0000000149		0.0000004768		0.0000009537				64		0		0.0000000005		0		0		0		0		0

				64		256		8		0.0000000005		0.0000000001		-0.000000002		0.0000000158		0.0000001267		0.0000010133				64		2		0.0000000005		0.0000000002		-0.0000000075		0.0000000149		0.0000004768		0.0000009537				64		0		0.0000000005		0		0		0		0		0

								256		1								H(x)		319.9999999404						64		1								V(G)		191.9999999404						64		1								V(G)		384

																																				VMR		0.600																VMR		1.200

																																				ILR		0.400																ILR		0.000

																																				DSU		0.047																DSU		0.094





		

		H(X)		X		Y		value range		p(x)		sum_Y		sum_X		H(x)		SUM p(x)

		equal probability		64		256		256		0.00390625		-8		-512		512		1		0.652173913		0.347826087

																				X		Y		# y-pixels		LOG

		unequal probability i = [0-31]		64		256		32		0.0078125		-1.75		-112		112		0.25		64		64		64		box p(x)		p(x)		p log p

		[32-63]		64		256		32		0.0078125		-1.75		-112		112		0.25		64		64		32		0.5		0.015625

		[64-127]		64		256		64		0.00390625		-2		-128		128		0.25		64		64		16		0.25		0.015625

		[128-255]		64		256		128		0.001953125		-2.25		-144		144		0.25		64		64		8		0.125		0.015625

								256								496		1		64		64		4		0.0625		0.015625

																				64		64		2		0.03125		0.015625

		equal probability		64		128		128		0.0078125		-7		-448		448		1		64		64		1		0.015625		0.015625

																				64		64		1		0.015625		0.015625

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)								64		1

		equal probability		64		64		64		0.015625		-6		-384		384		1

																				X		Y		# y-pixels		LOG

		unequal probability i = [0-7]		64		64		8		0.03125		-1.25		-80		80		0.25		64		64		64		box p(x)		p(x)		p log p		sum_Y		sum_X		map		p(x)		p log p		sum_Y		sum_X

		[8-15]		64		64		8		0.03125		-1.25		-80		80		0.25		64		64		8		0.5		0.0625		-0.25		2		128		31		0.0161290323		-0.0960354244		2.9770981552		190.5342819324

		[16-31]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		8		0.25		0.03125		-0.15625		1.25		80		16		0.015625		-0.09375		1.5		96

		[32-63]		64		64		32		0.0078125		-1.75		-112		112		0.25		64		64		8		0.125		0.015625		-0.09375		0.75		48		8		0.015625		-0.09375		0.75		48

								64						average		368				64		64		8		0.0625		0.0078125		-0.0546875		0.4375		28		4		0.015625		-0.09375		0.375		24

																				64		64		8		0.03125		0.00390625		-0.03125		0.25		16		2		0.015625		-0.09375		0.1875		12

		unequal probability i = [0-31]		64		64		32		0.0078125		-1.75		-112		112		0.25		64		64		8		0.015625		0.001953125		-0.017578125		0.140625		9		1		0.015625		-0.09375		0.09375		6

		[32-47]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		8		0.0078125		0.0009765625		-0.009765625		0.078125		5		1		0.0078125		-0.0546875		0.0546875		3.5

																				64		64		8		0.0078125		0.0009765625		-0.009765625		0.078125		5		1		0.0078125		-0.0546875		0.0546875		3.5

		[48-55]		64		64		8		0.03125		-1.25		-80		80		0.25						64		1						4.984375		319		64								383.5342819324

		[56-63]		64		64		8		0.03125		-1.25		-80		80		0.25														div H(X)

								64						average		368				X		Y		# y-pixels		LOG												new		new		new		new

																				64		64		64		box p(x)		p(x)		p log p		sum_Y		sum_X		map		p(x)		p log p		sum_Y		sum_X

		unequal probability i = [0-31]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		16		0.5		0.03125		-0.15625		2.5		160		32		0.015625		-0.09375		3		192

		[32-47]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		16		0.25		0.015625		-0.09375		1.5		96		16		0.015625		-0.09375		1.5		96

		[48-55]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		16		0.125		0.0078125		-0.0546875		0.875		56		8		0.015625		-0.09375		0.75		48

		[56-63]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		16		0.125		0.0078125		-0.0546875		0.875		56		8		0.015625		-0.09375		0.75		48

								64						average		384								64		1						5.75		368		64		0.0625						384

		linear mapping V(G)																		X		Y		# y-pixels		LOG

		unequal probability [0-63]		64		64		8		0.125		-3		-192		192				64		64		64		box p(x)		p(x)		p log p		sum_Y		sum_X		map		p(x)		p log p		sum_Y		sum_X

				64		64		8		0.125		-3		-192		192		1		64		64		4		0.5		0.125		-0.375		1.5		96		32		0.015625		-0.09375		3		192

				64		64		16		0.0625		-4		-256		256		2		64		64		4		0.25		0.0625		-0.25		1		64		16		0.015625		-0.09375		1.5		96

				64		64		32		0.03125		-5		-320		320		3		64		64		4		0.125		0.03125		-0.15625		0.625		40		8		0.015625		-0.09375		0.75		48

																		4		64		64		4		0.0625		0.015625		-0.09375		0.375		24		4		0.015625		-0.09375		0.375		24

																		5		64		64		4		0.03125		0.0078125		-0.0546875		0.21875		14		2		0.015625		-0.09375		0.1875		12

																		6		64		64		4		0.015625		0.00390625		-0.03125		0.125		8		1		0.015625		-0.09375		0.09375		6

																		7		64		64		4		0.0078125		0.001953125		-0.017578125		0.0703125		4.5		1		0.0078125		-0.0546875		0.0546875		3.5

																		8		64		64		4		0.00390625		0.0009765625		-0.009765625		0.0390625		2.5		0		0		0		0		0

																		9		64		64		4		0.001953125		0.0004882813		-0.0053710938		0.021484375		1.375		0		0		0		0		0

																		10		64		64		4		0.0009765625		0.0002441406		-0.0029296875		0.01171875		0.75		0		0		0		0		0

																		11		64		64		4		0.0004882813		0.0001220703		-0.0015869141		0.0063476563		0.40625		0		0		0		0		0

								64						average		240		12		64		64		4		0.0002441406		0.0000610352		-0.0008544922		0.0034179688		0.21875		0		0		0		0		0

																		13		64		64		4		0.0001220703		0.0000305176		-0.0004577637		0.0018310547		0.1171875		0		0		0		0		0

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768		14		64		64		4		0.0000610352		0.0000152588		-0.0002441406		0.0009765625		0.0625		0		0		0		0		0

		64		64		16		16		0.125		-6		-384		384		15		64		64		4		0.0000305176		0.0000076294		-0.0001296997		0.0005187988		0.033203125		0		0		0		0		0

		128		64		16		8		0.0625		-2		-128		128		16		64		64		4		0.0000305176		0.0000076294		-0.0001296997		0.0005187988		0.033203125		0		0		0		0		0

		192		64		16		8		0.03125		-1.25		-80		80								64		1						3.9999389648		255.99609375		64								381.5

														average		340

				uniform		non-uniform														X		Y		# y-pixels		LOG

		D		4096		4096		4096												64		64		64		box p(x)		p(x)		p log p		sum_Y		sum_X

		H(X)		512		496		496										1		64		64		2		0.5		0.25		-0.5		1		64

		V(G)		384		368		384										2		64		64		2		0.25		0.125		-0.375		0.75		48

		VMR		0.75		0.7419354839		0.7741935484										3		64		64		2		0.125		0.0625		-0.25		0.5		32

																		4		64		64		2		0.0625		0.03125		-0.15625		0.3125		20

																		5		64		64		2		0.03125		0.015625		-0.09375		0.1875		12

																		6		64		64		2		0.015625		0.0078125		-0.0546875		0.109375		7

																		7		64		64		2		0.0078125		0.00390625		-0.03125		0.0625		4

																		8		64		64		2		0.00390625		0.001953125		-0.017578125		0.03515625		2.25

																		9		64		64		2		0.001953125		0.0009765625		-0.009765625		0.01953125		1.25

																		10		64		64		2		0.0009765625		0.0004882813		-0.0053710938		0.0107421875		0.6875

																		11		64		64		2		0.0004882813		0.0002441406		-0.0029296875		0.005859375		0.375

																		12		64		64		2		0.0002441406		0.0001220703		-0.0015869141		0.0031738281		0.203125

																		13		64		64		2		0.0001220703		0.0000610352		-0.0008544922		0.0017089844		0.109375

																		14		64		64		2		0.0000610352		0.0000305176		-0.0004577637		0.0009155273		0.05859375

																		15		64		64		2		0.0000305176		0.0000152588		-0.0002441406		0.0004882813		0.03125

																		16		64		64		2		0.0000152588		0.0000076294		-0.0001296997		0.0002593994		0.0166015625

																		17		64		64		2		0.0000076294		0.0000038147		-0.0000686646		0.0001373291		0.0087890625

																		18		64		64		2		0.0000038147		0.0000019073		-0.0000362396		0.0000724792		0.0046386719

																		19		64		64		2		0.0000019073		0.0000009537		-0.0000190735		0.000038147		0.0024414063

		ILR		0.25		0.2580645161		0.2258064516										20		64		64		2		0.0000009537		0.0000004768		-0.0000100136		0.0000200272		0.0012817383

		DSE		0.09375		0.08984375		0.09375										21		64		64		2		0.0000004768		0.0000002384		-0.0000052452		0.0000104904		0.0006713867

																		22		64		64		2		0.0000002384		0.0000001192		-0.0000027418		0.0000054836		0.0003509521

																		23		64		64		2		0.0000001192		0.0000000596		-0.0000014305		0.000002861		0.0001831055

																		24		64		64		2		0.0000000596		0.0000000298		-0.0000007451		0.0000014901		0.0000953674

																		25		64		64		2		0.0000000298		0.0000000149		-0.0000003874		0.0000007749		0.0000495911

				4														26		64		64		2		0.0000000149		0.0000000075		-0.0000002012		0.0000004023		0.0000257492

				1.4142135624														27		64		64		2		0.0000000075		0.0000000037		-0.0000001043		0.0000002086		0.0000133514

		1		0				1		256								28		64		64		2		0.0000000037		0.0000000019		-0.000000054		0.000000108		0.0000069141

		2		8				0		32								29		64		64		2		0.0000000019		0.0000000009		-0.0000000279		0.0000000559		0.0000035763

		3		12.6797000058														30		64		64		2		0.0000000009		0.0000000005		-0.0000000144		0.0000000289		0.0000018477

		4		16														31		64		64		2		0.0000000005		0.0000000002		-0.0000000075		0.0000000149		0.0000009537

		5		18.5754247591														32		64		64		2		0.0000000005		0.0000000002		-0.0000000075		0.0000000149		0.0000009537

		6		20.6797000058																				64		1						2.9999999991		191.9999999404

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





								LOG				SUM														LOG				SUM

				hint		no hint								H(X)								hint		no hint								H(X)

		P(X)		30.00%		70.00%		-1.7369655942		-0.5145731728		100.00%		0.8812908992						P(X)		50.00%		50.00%		-1		-1		100.00%		1

				vortex		no vortex								H(Y)								vortex		no vortex								H(Y)

		P(Y)		50.00%		50.00%		-1		-1		100.00%		1						P(Y)		50.00%		50.00%		-1		-1		100.00%		1

		P(X, Y)		hint		no hint								H(X,Y)						P(X, Y)		hint		no hint								H(X,Y)

		vortex		25.00%		25.00%		-2		-2		100.00%		1.7344977968						vortex		49.99%		0.01%		-1.0002885679		-13.2877123795		100.00%		1.0027460526

		no vortex		5.00%		45.00%		-4.3219280949		-1.1520030934										no vortex		0.01%		49.99%		-13.2877123795		-1.0002885679

														H(Y|X)																		H(Y|X)

		P(Y|X)		83.33%		35.71%						200.00%		0.8532068976		%=H(X,Y)-H(X)				P(Y|X)		99.98%		0.02%						200.00%		0.0027460526		%=H(X,Y)-H(X)

				16.67%		64.29%																0.02%		99.98%

														H(X|Y)		%=H(X,Y)-H(Y)																H(X|Y)		%=H(X,Y)-H(Y)

		P(X|Y)		50.00%		50.00%						200.00%		0.7344977968						P(X|Y)		99.98%		0.02%						200.00%		0.0027460526

				10.00%		90.00%																0.02%		99.98%

														I(X,Y)																		I(X,Y)

														0.1467931024		%=H(X)-H(X|Y)																0.9972539474		%=H(X)-H(X|Y)

														0.1467931024		%=H(Y)-H(Y|X)																0.9972539474		%=H(Y)-H(Y|X)

								LOG				SUM														LOG				SUM

				hint		no hint								H(X)								hint		no hint								H(X)

		P(X)		50.00%		50.00%		-1		-1		100.00%		1						P(X)		50.00%		50.00%		-1		-1		100.00%		1

				vortex		no vortex								H(Y)								vortex		no vortex								H(Y)

		P(Y)		50.00%		50.00%		-1		-1		100.00%		1						P(Y)		50.00%		50.00%		-1		-1		100.00%		1

		P(X, Y)		hint		no hint								H(X,Y)						P(X, Y)		hint		no hint								H(X,Y)

		vortex		40.00%		10.00%		-1.3219280949		-3.3219280949		100.00%		1.7219280949						vortex		25.00%		25.00%		-2		-2		100.00%		2

		no vortex		10.00%		40.00%		-3.3219280949		-1.3219280949										no vortex		25.00%		25.00%		-2		-2

														H(Y|X)																		H(Y|X)

		P(Y|X)		80.00%		20.00%						200.00%		0.7219280949		%=H(X,Y)-H(X)				P(Y|X)		50.00%		50.00%						200.00%		1		%=H(X,Y)-H(X)

				20.00%		80.00%																50.00%		50.00%

														H(X|Y)		%=H(X,Y)-H(Y)																H(X|Y)		%=H(X,Y)-H(Y)

		P(X|Y)		80.00%		20.00%						200.00%		0.7219280949						P(X|Y)		50.00%		50.00%						200.00%		1

				20.00%		80.00%																50.00%		50.00%

														I(X,Y)																		I(X,Y)

														0.2780719051		%=H(X)-H(X|Y)																0		%=H(X)-H(X|Y)

														0.2780719051		%=H(Y)-H(Y|X)																0		%=H(Y)-H(Y|X)





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		-19		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		-3		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		-7		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		-11		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-6		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		15		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		-6		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		20		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		-6		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		7		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		17		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		10		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		19		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		6		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		20		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		20		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-17		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-15		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		-13		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		-9		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-0		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		16		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		3		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		-9		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		18		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		7		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		17		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		5		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-9		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		-5		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		17		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		15		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		12		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		7		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		-9		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-17		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		-17		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		-18		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		14		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		4		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		-9		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-5		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		3		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		13		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		5		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		5		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-6		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		20		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		2		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		15		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		3		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		11		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		-1		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		14		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		14		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		-12		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		-5		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		-9		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-7		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		10		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		-3		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		-4		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		11		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-15		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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• Logarithmic visual mapping
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time series

										1				1.022																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.18		0		32		81.0

		2		16		0.52		0.33		0		32		129.4

		3		29		0.91		0.92		0		32		155.7

		4		12		0.36		0.19		0		32		112.9

		5		19		0.59		0.34		0		32		135.6

		6		31		0.95		0.31		0		32		157.8

		7		5		0.17		0.31		0		32		77.2

		8		3		0.09		0.79		0		32		50.9

		9		2		0.05		0.55		0		32		21.9

		10		16		0.50		0.54		0		32		128.4

		11		30		0.93		0.78		0		32		156.5

		12		18		0.55		0.48		0		32		132.2

		13		17		0.52		0.02		0		32		129.5

		14		14		0.44		0.98		0		32		121.7

		15		25		0.80		0.24		0		32		149.5

		16		19		0.58		0.96		0		32		134.8

		17		35		0.09		0.78		32		32		163.8

		18		42		0.31		0.58		32		32		172.5

		19		52		0.61		0.12		32		32		182.0

		20		40		0.25		0.91		32		32		170.2

		21		51		0.58		0.53		32		32		181.2

		22		61		0.92		0.85		32		32		190.0

		23		54		0.68		0.44		32		32		183.9

		24		44		0.36		0.34		32		32		174.3

		25		61		0.90		0.89		32		32		189.5

		26		34		0.06		0.39		32		32		162.8

		27		53		0.65		0.09		32		32		183.1

		28		55		0.73		0.40		32		32		185.4

		29		49		0.52		0.88		32		32		179.3

		30		60		0.87		0.49		32		32		189.0

		31		32		0.01		0.09		32		32		160.4

		32		60		0.86		0.68		32		32		188.7

		33		114		0.78		0.06		64		64		218.5

		34		73		0.15		0.46		64		64		198.4

		35		70		0.10		0.98		64		64		196.5

		36		101		0.59		0.88		64		64		213.3

		37		94		0.47		0.84		64		64		209.7

		38		89		0.39		0.24		64		64		207.1

		39		128		0.99		0.95		64		64		223.9

		40		93		0.46		0.45		64		64		209.5

		41		121		0.88		0.72		64		64		221.2

		42		69		0.08		0.93		64		64		195.5

		43		95		0.49		0.33		64		64		210.3

		44		91		0.42		0.54		64		64		208.2

		45		108		0.68		0.07		64		64		216.1

		46		126		0.97		0.74		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		0.89		64		64		207.0

		48		84		0.32		0.35		64		64		204.7

		49		137		0.07		0.47		128		128		227.1

		50		252		0.97		0.77		128		128		255.2

		51		197		0.54		0.16		128		128		243.9

		52		186		0.45		0.58		128		128		241.3

		53		179		0.40		0.02		128		128		239.4

		54		190		0.48		0.89		128		128		242.1

		55		234		0.83		0.72		128		128		251.9

		56		180		0.41		0.07		128		128		239.8

		57		243		0.90		0.09		128		128		253.6

		58		218		0.70		0.07		128		128		248.6

		59		193		0.51		0.53		128		128		243.0

		60		242		0.89		0.37		128		128		253.4

		61		181		0.42		0.70		128		128		240.1

		62		241		0.88		0.82		128		128		253.1

		63		212		0.65		0.36		128		128		247.2

		64		146		0.14		0.59		128		128		230.1				256		8
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time series (long)

		



value



		



value

value



		



value



		

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		-15		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		13		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		3		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		-17		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		21		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		-7		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		3		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		-6		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		20		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		-12		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		-8		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		16		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		1		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		12		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		14		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		20		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-16		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-7		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		-14		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		11		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-20		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		-20		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-20		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		-6		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		1		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		5		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		-5		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		-5		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-5		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		13		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		14		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		12		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		14		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		-9		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		-12		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-4		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		-10		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		-1		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		-14		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		18		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		-3		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		15		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		16		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		10		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		-19		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		0		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-17		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		15		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		-12		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		-6		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		16		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		-9		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		13		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		12		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		11		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		13		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		-10		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		-10		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-18		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		7		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		12		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		13		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		18		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-18		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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time series

										1				1.022																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.66		0		32		81.0

		2		16		0.52		0.41		0		32		129.4

		3		29		0.91		0.35		0		32		155.7

		4		12		0.36		0.24		0		32		112.9

		5		19		0.59		0.52		0		32		135.6

		6		31		0.95		0.93		0		32		157.8

		7		5		0.17		0.20		0		32		77.2

		8		3		0.09		0.00		0		32		50.9

		9		2		0.05		0.08		0		32		21.9

		10		16		0.50		0.77		0		32		128.4

		11		30		0.93		0.95		0		32		156.5

		12		18		0.55		0.80		0		32		132.2

		13		17		0.52		0.93		0		32		129.5

		14		14		0.44		0.96		0		32		121.7

		15		25		0.80		0.81		0		32		149.5

		16		19		0.58		0.71		0		32		134.8

		17		35		0.09		0.18		32		32		163.8

		18		42		0.31		0.31		32		32		172.5

		19		52		0.61		0.99		32		32		182.0

		20		40		0.25		0.38		32		32		170.2

		21		51		0.58		0.74		32		32		181.2

		22		61		0.92		0.12		32		32		190.0

		23		54		0.68		0.42		32		32		183.9

		24		44		0.36		0.72		32		32		174.3

		25		61		0.90		0.26		32		32		189.5

		26		34		0.06		0.32		32		32		162.8

		27		53		0.65		0.65		32		32		183.1

		28		55		0.73		0.34		32		32		185.4

		29		49		0.52		0.44		32		32		179.3

		30		60		0.87		0.82		32		32		189.0

		31		32		0.01		0.21		32		32		160.4

		32		60		0.86		0.79		32		32		188.7

		33		114		0.78		0.07		64		64		218.5

		34		73		0.15		0.81		64		64		198.4

		35		70		0.10		0.15		64		64		196.5

		36		101		0.59		0.30		64		64		213.3

		37		94		0.47		0.66		64		64		209.7

		38		89		0.39		0.60		64		64		207.1

		39		128		0.99		0.61		64		64		223.9

		40		93		0.46		0.96		64		64		209.5

		41		121		0.88		0.89		64		64		221.2

		42		69		0.08		0.87		64		64		195.5

		43		95		0.49		0.60		64		64		210.3

		44		91		0.42		0.33		64		64		208.2

		45		108		0.68		0.66		64		64		216.1

		46		126		0.97		0.75		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		1.00		64		64		207.0

		48		84		0.32		0.30		64		64		204.7

		49		137		0.07		0.99		128		128		227.1

		50		252		0.97		0.68		128		128		255.2

		51		197		0.54		0.23		128		128		243.9

		52		186		0.45		0.88		128		128		241.3

		53		179		0.40		0.61		128		128		239.4

		54		190		0.48		0.02		128		128		242.1

		55		234		0.83		0.53		128		128		251.9

		56		180		0.41		0.98		128		128		239.8

		57		243		0.90		0.74		128		128		253.6

		58		218		0.70		0.36		128		128		248.6

		59		193		0.51		0.01		128		128		243.0

		60		242		0.89		0.74		128		128		253.4

		61		181		0.42		0.88		128		128		240.1

		62		241		0.88		0.05		128		128		253.1

		63		212		0.65		0.95		128		128		247.2

		64		146		0.14		0.33		128		128		230.1				256		8
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time series (long)
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		-11		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		15		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		6		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		-1		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-10		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		9		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		17		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		-3		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		20		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		2		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		-6		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		-20		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		-17		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		-10		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		-11		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		-2		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-12		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-1		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		5		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		-19		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-14		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		6		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-19		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		4		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		17		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		2		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		3		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		8		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		6		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		19		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		4		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		21		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		-21		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		19		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		19		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		4		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		8		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		21		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		-6		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		10		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		-11		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-19		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		-6		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		2		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		-17		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-13		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		9		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		-5		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		6		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		1		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		2		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		-3		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		18		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		9		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		-0		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		-3		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		-2		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		-11		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		8		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		6		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		17		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		-18		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		-1		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-0		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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time series (2)

										1		32		2.000																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log		Banding

		0

		1		6		0.18		0.46		0		32		81.0		12

		2		16		0.52		0.16		0		32		129.4		33

		3		29		0.91		0.11		0		32		155.7		58

		4		12		0.36		0.87		0		32		112.9		23

		5		19		0.59		0.63		0		32		135.6		38

		6		31		0.95		0.37		0		32		157.8		61

		7		5		0.17		0.28		0		32		77.2		11

		8		3		0.09		0.66		0		32		50.9		6

		9		2		0.05		0.64		0		32		21.9		3

		10		16		0.50		0.07		0		32		128.4		32

		11		30		0.93		0.91		0		32		156.5		59

		12		18		0.55		0.57		0		32		132.2		35

		13		17		0.52		0.94		0		32		129.5		33

		14		14		0.44		0.11		0		32		121.7		28

		15		25		0.80		0.33		0		32		149.5		51

		16		19		0.58		0.71		0		32		134.8		37

		17		35		0.09		0.51		32		32		163.8		69

		18		42		0.31		0.96		32		32		172.5		84

		19		52		0.61		0.20		32		32		182.0		103

		20		40		0.25		0.03		32		32		170.2		80

		21		51		0.58		0.21		32		32		181.2		101

		22		61		0.92		0.80		32		32		190.0		123

		23		54		0.68		0.95		32		32		183.9		107

		24		44		0.36		0.23		32		32		174.3		87

		25		61		0.90		0.66		32		32		189.5		121

		26		34		0.06		0.88		32		32		162.8		68

		27		53		0.65		0.82		32		32		183.1		106

		28		55		0.73		0.04		32		32		185.4		111

		29		49		0.52		0.43		32		32		179.3		97

		30		60		0.87		0.45		32		32		189.0		120

		31		32		0.01		0.67		32		32		160.4		65

		32		60		0.86		0.45		32		32		188.7		119

		33		114		0.78		0.27		64		64		218.5		178

		34		73		0.15		0.25		64		64		198.4		137

		35		70		0.10		0.77		64		64		196.5		134

		36		101		0.59		0.08		64		64		213.3		165

		37		94		0.47		0.05		64		64		209.7		158

		38		89		0.39		0.02		64		64		207.1		153

		39		128		0.99		0.07		64		64		223.9		192

		40		93		0.46		0.50		64		64		209.5		157

		41		121		0.88		0.84		64		64		221.2		185

		42		69		0.08		0.77		64		64		195.5		133

		43		95		0.49		0.89		64		64		210.3		159

		44		91		0.42		0.03		64		64		208.2		155

		45		108		0.68		0.88		64		64		216.1		172

		46		126		0.97		0.68		64		64		223.2		190

		47		89		0.38		0.95		64		64		207.0		153

		48		84		0.32		0.92		64		64		204.7		148

		49		137		0.07		0.35		128		128		227.1		196

		50		252		0.97		0.43		128		128		255.2		254

		51		197		0.54		0.95		128		128		243.9		226

		52		186		0.45		0.92		128		128		241.3		221

		53		179		0.40		0.55		128		128		239.4		217

		54		190		0.48		0.09		128		128		242.1		223

		55		234		0.83		0.62		128		128		251.9		245

		56		180		0.41		0.91		128		128		239.8		218

		57		243		0.90		0.04		128		128		253.6		250

		58		218		0.70		0.99		128		128		248.6		237

		59		193		0.51		0.59		128		128		243.0		225

		60		242		0.89		0.36		128		128		253.4		249

		61		181		0.42		0.28		128		128		240.1		219

		62		241		0.88		0.02		128		128		253.1		248

		63		212		0.65		0.30		128		128		247.2		234

		64		146		0.14		0.95		128		128		230.1		201		256		8
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time series (long)
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										1		32		2.000																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log		Banding

		0

		1		6		0.18		0.55		0		32		81.0		23

		2		16		0.52		0.74		0		32		129.4		66

		3		29		0.91		0.48		0		32		155.7		117

		4		12		0.36		0.12		0		32		112.9		46

		5		19		0.59		0.47		0		32		135.6		75

		6		31		0.95		0.66		0		32		157.8		122

		7		5		0.17		0.25		0		32		77.2		21

		8		3		0.09		0.63		0		32		50.9		12

		9		2		0.05		0.31		0		32		21.9		6

		10		16		0.50		0.99		0		32		128.4		65

		11		30		0.93		0.44		0		32		156.5		119

		12		18		0.55		0.13		0		32		132.2		70

		13		17		0.52		0.03		0		32		129.5		66

		14		14		0.44		0.73		0		32		121.7		56

		15		25		0.80		0.05		0		32		149.5		102

		16		19		0.58		0.56		0		32		134.8		74

		17		35		0.09		0.99		32		32		163.8		135

		18		42		0.31		0.03		32		32		172.5		149

		19		52		0.61		0.42		32		32		182.0		168

		20		40		0.25		0.60		32		32		170.2		145

		21		51		0.58		0.62		32		32		181.2		166

		22		61		0.92		0.31		32		32		190.0		187

		23		54		0.68		1.00		32		32		183.9		172

		24		44		0.36		0.18		32		32		174.3		153

		25		61		0.90		0.01		32		32		189.5		186

		26		34		0.06		0.96		32		32		162.8		134

		27		53		0.65		0.99		32		32		183.1		170

		28		55		0.73		0.90		32		32		185.4		176

		29		49		0.52		0.90		32		32		179.3		162

		30		60		0.87		0.85		32		32		189.0		184

		31		32		0.01		0.09		32		32		160.4		131

		32		60		0.86		0.57		32		32		188.7		183

		33		114		0.78		0.56		64		64		218.5		218

		34		73		0.15		0.82		64		64		198.4		200

		35		70		0.10		0.81		64		64		196.5		198

		36		101		0.59		0.74		64		64		213.3		212

		37		94		0.47		0.55		64		64		209.7		209

		38		89		0.39		0.53		64		64		207.1		207

		39		128		0.99		0.38		64		64		223.9		224

		40		93		0.46		0.51		64		64		209.5		209

		41		121		0.88		0.94		64		64		221.2		221

		42		69		0.08		0.51		64		64		195.5		198

		43		95		0.49		0.03		64		64		210.3		209

		44		91		0.42		0.46		64		64		208.2		208

		45		108		0.68		0.04		64		64		216.1		215

		46		126		0.97		0.21		64		64		223.2		223

		47		89		0.38		0.40		64		64		207.0		206

		48		84		0.32		0.87		64		64		204.7		205

		49		137		0.07		0.84		128		128		227.1		230

		50		252		0.97		0.61		128		128		255.2		255

		51		197		0.54		0.03		128		128		243.9		243

		52		186		0.45		0.90		128		128		241.3		241

		53		179		0.40		0.99		128		128		239.4		239

		54		190		0.48		0.53		128		128		242.1		241

		55		234		0.83		0.91		128		128		251.9		251

		56		180		0.41		0.18		128		128		239.8		239

		57		243		0.90		0.34		128		128		253.6		253

		58		218		0.70		0.14		128		128		248.6		248

		59		193		0.51		0.17		128		128		243.0		242

		60		242		0.89		0.11		128		128		253.4		253

		61		181		0.42		0.51		128		128		240.1		240

		62		241		0.88		0.14		128		128		253.1		253

		63		212		0.65		0.91		128		128		247.2		246

		64		146		0.14		0.18		128		128		230.1		232		256		8
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				Data Space X																				Linear Mapping																		Nonlinear Mapping

				# sample		64		# values		256		# region		2										D		4096

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		128		0.5		0.00390625		-0.03125		4		2		256				64		32		0.5		0.015625		-0.09375		3		6		192				64		32		0.5		0.015625		-0.09375		3		6		192

				64		256		128		0.5		0.00390625		-0.03125		4		2		256				64		32		0.5		0.015625		-0.09375		3		6		192				64		32		0.5		0.015625		-0.09375		3		6		192

								256		1								H(x)		512						64		1								V(G)		384						64		1								V(G)		384

																																				VMR		0.75																VMR		0.75

																																				ILR		0.25																ILR		0.25

																																				DSU		0.09375																DSU		0.09375

				# sample		64		# values		256		# region		4

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		64		0.5		0.0078125		-0.0546875		3.5		3.5		224				64		16		0.5		0.03125		-0.15625		2.5		10		160				64		32		0.5		0.015625		-0.09375		3		6		192				0.0078125

				64		256		64		0.25		0.00390625		-0.03125		2		2		128				64		16		0.25		0.015625		-0.09375		1.5		6		96				64		16		0.25		0.015625		-0.09375		1.5		6		96				0.00390625

				64		256		64		0.125		0.001953125		-0.017578125		1.125		1.125		72				64		16		0.125		0.0078125		-0.0546875		0.875		3.5		56				64		8		0.125		0.015625		-0.09375		0.75		6		48

				64		256		64		0.125		0.001953125		-0.017578125		1.125		1.125		72				64		16		0.125		0.0078125		-0.0546875		0.875		3.5		56				64		8		0.125		0.015625		-0.09375		0.75		6		48

								256		1								H(x)		496						64		1								V(G)		368						64		1								V(G)		384

																																				VMR		0.7419354839																VMR		0.7741935484

																																				ILR		0.2580645161																ILR		0.2258064516

																																				DSU		0.08984375																DSU		0.09375

				# sample		64		# values		256		# region		8

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		32		0.5		0.015625		-0.09375		3		6		192				64		8		0.5		0.0625		-0.25		2		16		128				64		32		0.5		0.015625		-0.09375		3		6		192

				64		256		32		0.25		0.0078125		-0.0546875		1.75		3.5		112				64		8		0.25		0.03125		-0.15625		1.25		10		80				64		16		0.25		0.015625		-0.09375		1.5		6		96

				64		256		32		0.125		0.00390625		-0.03125		1		2		64				64		8		0.125		0.015625		-0.09375		0.75		6		48				64		8		0.125		0.015625		-0.09375		0.75		6		48

				64		256		32		0.0625		0.001953125		-0.017578125		0.5625		1.125		36				64		8		0.0625		0.0078125		-0.0546875		0.4375		3.5		28				64		4		0.0625		0.015625		-0.09375		0.375		6		24

				64		256		32		0.03125		0.0009765625		-0.009765625		0.3125		0.625		20				64		8		0.03125		0.00390625		-0.03125		0.25		2		16				64		2		0.03125		0.015625		-0.09375		0.1875		6		12

				64		256		32		0.015625		0.0004882813		-0.0053710938		0.171875		0.34375		11				64		8		0.015625		0.001953125		-0.017578125		0.140625		1.125		9				64		1		0.015625		0.015625		-0.09375		0.09375		6		6

				64		256		32		0.0078125		0.0002441406		-0.0029296875		0.09375		0.1875		6				64		8		0.0078125		0.0009765625		-0.009765625		0.078125		0.625		5				64		1		0.0078125		0.015625		-0.09375		0.09375		6		6

				64		256		32		0.0078125		0.0002441406		-0.0029296875		0.09375		0.1875		6				64		8		0.0078125		0.0009765625		-0.009765625		0.078125		0.625		5				64		0		0.0078125		0		0		0		0		0

								256		1								H(x)		447						64		1								V(G)		319						64		1								V(G)		384

																																				VMR		0.7136465324																VMR		0.8590604027

																																				ILR		0.2863534676																ILR		0.1409395973

																																				DSU		0.0778808594																DSU		0.09375

				# sample		64		# values		256		# region		16

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		16		0.5		0.03125		-0.15625		2.5		10		160				64		4		0.5		0.125		-0.375		1.5		24		96				64		32		0.5		0.015625		-0.09375		3		6		192

				64		256		16		0.25		0.015625		-0.09375		1.5		6		96				64		4		0.25		0.0625		-0.25		1		16		64				64		16		0.25		0.015625		-0.09375		1.5		6		96

				64		256		16		0.125		0.0078125		-0.0546875		0.875		3.5		56				64		4		0.125		0.03125		-0.15625		0.625		10		40				64		8		0.125		0.015625		-0.09375		0.75		6		48

				64		256		16		0.0625		0.00390625		-0.03125		0.5		2		32				64		4		0.0625		0.015625		-0.09375		0.375		6		24				64		4		0.0625		0.015625		-0.09375		0.375		6		24

				64		256		16		0.03125		0.001953125		-0.017578125		0.28125		1.125		18				64		4		0.03125		0.0078125		-0.0546875		0.21875		3.5		14				64		2		0.03125		0.015625		-0.09375		0.1875		6		12

				64		256		16		0.015625		0.0009765625		-0.009765625		0.15625		0.625		10				64		4		0.015625		0.00390625		-0.03125		0.125		2		8				64		1		0.015625		0.015625		-0.09375		0.09375		6		6

				64		256		16		0.0078125		0.0004882813		-0.0053710938		0.0859375		0.34375		5.5				64		4		0.0078125		0.001953125		-0.017578125		0.0703125		1.125		4.5				64		1		0.0078125		0.015625		-0.09375		0.09375		6		6

				64		256		16		0.00390625		0.0002441406		-0.0029296875		0.046875		0.1875		3				64		4		0.00390625		0.0009765625		-0.009765625		0.0390625		0.625		2.5				64		0		0.00390625		0		0		0		0		0

				64		256		16		0.001953125		0.0001220703		-0.0015869141		0.025390625		0.1015625		1.625				64		4		0.001953125		0.0004882813		-0.0053710938		0.021484375		0.34375		1.375				64		0		0.001953125		0		0		0		0		0

				64		256		16		0.0009765625		0.0000610352		-0.0008544922		0.013671875		0.0546875		0.875				64		4		0.0009765625		0.0002441406		-0.0029296875		0.01171875		0.1875		0.75				64		0		0.0009765625		0		0		0		0		0

				64		256		16		0.0004882813		0.0000305176		-0.0004577637		0.0073242188		0.029296875		0.46875				64		4		0.0004882813		0.0001220703		-0.0015869141		0.0063476563		0.1015625		0.40625				64		0		0.0004882813		0		0		0		0		0

				64		256		16		0.0002441406		0.0000152588		-0.0002441406		0.00390625		0.015625		0.25				64		4		0.0002441406		0.0000610352		-0.0008544922		0.0034179688		0.0546875		0.21875				64		0		0.0002441406		0		0		0		0		0

				64		256		16		0.0001220703		0.0000076294		-0.0001296997		0.0020751953		0.0083007813		0.1328125				64		4		0.0001220703		0.0000305176		-0.0004577637		0.0018310547		0.029296875		0.1171875				64		0		0.0001220703		0		0		0		0		0

				64		256		16		0.0000610352		0.0000038147		-0.0000686646		0.0010986328		0.0043945313		0.0703125				64		4		0.0000610352		0.0000152588		-0.0002441406		0.0009765625		0.015625		0.0625				64		0		0.0000610352		0		0		0		0		0

				64		256		16		0.0000305176		0.0000019073		-0.0000362396		0.000579834		0.0023193359		0.037109375				64		4		0.0000305176		0.0000076294		-0.0001296997		0.0005187988		0.0083007813		0.033203125				64		0		0.0000305176		0		0		0		0		0

				64		256		16		0.0000305176		0.0000019073		-0.0000362396		0.000579834		0.0023193359		0.037109375				64		4		0.0000305176		0.0000076294		-0.0001296997		0.0005187988		0.0083007813		0.033203125				64		0		0.0000305176		0		0		0		0		0

								256		1								H(x)		383.99609375						64		1								V(G)		255.99609375						64		1								V(G)		384

																																				VMR		0.6666632758								0.015625								VMR		1.0000101726

																																				ILR		0.3333367242																ILR		-0.0000101726

																																				DSU		0.0624990463																DSU		0.09375

				# sample		64		# values		256		# region		32

				X		Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum				Y		region		box p		pixel p		p log p		y-sum		x-sum		X-sum

				64		256		8		0.5		0.0625		-0.25		2		16		128				64		2		0.5		0.25		-0.5		1		32		64				64		32		0.5		0.015625		-0.09375		3		6		192

				64		256		8		0.25		0.03125		-0.15625		1.25		10		80				64		2		0.25		0.125		-0.375		0.75		24		48				64		16		0.25		0.015625		-0.09375		1.5		6		96

				64		256		8		0.125		0.015625		-0.09375		0.75		6		48				64		2		0.125		0.0625		-0.25		0.5		16		32				64		8		0.125		0.015625		-0.09375		0.75		6		48

				64		256		8		0.0625		0.0078125		-0.0546875		0.4375		3.5		28				64		2		0.0625		0.03125		-0.15625		0.3125		10		20				64		4		0.0625		0.015625		-0.09375		0.375		6		24

				64		256		8		0.03125		0.00390625		-0.03125		0.25		2		16				64		2		0.03125		0.015625		-0.09375		0.1875		6		12				64		2		0.03125		0.015625		-0.09375		0.1875		6		12

				64		256		8		0.015625		0.001953125		-0.017578125		0.140625		1.125		9				64		2		0.015625		0.0078125		-0.0546875		0.109375		3.5		7				64		1		0.015625		0.015625		-0.09375		0.09375		6		6

				64		256		8		0.0078125		0.0009765625		-0.009765625		0.078125		0.625		5				64		2		0.0078125		0.00390625		-0.03125		0.0625		2		4				64		1		0.0078125		0.015625		-0.09375		0.09375		6		6

				64		256		8		0.00390625		0.0004882813		-0.0053710938		0.04296875		0.34375		2.75				64		2		0.00390625		0.001953125		-0.017578125		0.03515625		1.125		2.25				64		0		0.00390625		0		0		0		0		0

				64		256		8		0.001953125		0.0002441406		-0.0029296875		0.0234375		0.1875		1.5				64		2		0.001953125		0.0009765625		-0.009765625		0.01953125		0.625		1.25				64		0		0.001953125		0		0		0		0		0

				64		256		8		0.0009765625		0.0001220703		-0.0015869141		0.0126953125		0.1015625		0.8125				64		2		0.0009765625		0.0004882813		-0.0053710938		0.0107421875		0.34375		0.6875				64		0		0.0009765625		0		0		0		0		0

				64		256		8		0.0004882813		0.0000610352		-0.0008544922		0.0068359375		0.0546875		0.4375				64		2		0.0004882813		0.0002441406		-0.0029296875		0.005859375		0.1875		0.375				64		0		0.0004882813		0		0		0		0		0

				64		256		8		0.0002441406		0.0000305176		-0.0004577637		0.0036621094		0.029296875		0.234375				64		2		0.0002441406		0.0001220703		-0.0015869141		0.0031738281		0.1015625		0.203125				64		0		0.0002441406		0		0		0		0		0

				64		256		8		0.0001220703		0.0000152588		-0.0002441406		0.001953125		0.015625		0.125				64		2		0.0001220703		0.0000610352		-0.0008544922		0.0017089844		0.0546875		0.109375				64		0		0.0001220703		0		0		0		0		0

				64		256		8		0.0000610352		0.0000076294		-0.0001296997		0.0010375977		0.0083007813		0.06640625				64		2		0.0000610352		0.0000305176		-0.0004577637		0.0009155273		0.029296875		0.05859375				64		0		0.0000610352		0		0		0		0		0

				64		256		8		0.0000305176		0.0000038147		-0.0000686646		0.0005493164		0.0043945313		0.03515625				64		2		0.0000305176		0.0000152588		-0.0002441406		0.0004882813		0.015625		0.03125				64		0		0.0000305176		0		0		0		0		0

				64		256		8		0.0000152588		0.0000019073		-0.0000362396		0.000289917		0.0023193359		0.0185546875				64		2		0.0000152588		0.0000076294		-0.0001296997		0.0002593994		0.0083007813		0.0166015625				64		0		0.0000152588		0		0		0		0		0

				64		256		8		0.0000076294		0.0000009537		-0.0000190735		0.0001525879		0.0012207031		0.009765625				64		2		0.0000076294		0.0000038147		-0.0000686646		0.0001373291		0.0043945313		0.0087890625				64		0		0.0000076294		0		0		0		0		0

				64		256		8		0.0000038147		0.0000004768		-0.0000100136		0.0000801086		0.0006408691		0.0051269531				64		2		0.0000038147		0.0000019073		-0.0000362396		0.0000724792		0.0023193359		0.0046386719				64		0		0.0000038147		0		0		0		0		0

				64		256		8		0.0000019073		0.0000002384		-0.0000052452		0.0000419617		0.0003356934		0.0026855469				64		2		0.0000019073		0.0000009537		-0.0000190735		0.000038147		0.0012207031		0.0024414063				64		0		0.0000019073		0		0		0		0		0

				64		256		8		0.0000009537		0.0000001192		-0.0000027418		0.0000219345		0.0001754761		0.0014038086				64		2		0.0000009537		0.0000004768		-0.0000100136		0.0000200272		0.0006408691		0.0012817383				64		0		0.0000009537		0		0		0		0		0

				64		256		8		0.0000004768		0.0000000596		-0.0000014305		0.0000114441		0.0000915527		0.0007324219				64		2		0.0000004768		0.0000002384		-0.0000052452		0.0000104904		0.0003356934		0.0006713867				64		0		0.0000004768		0		0		0		0		0

				64		256		8		0.0000002384		0.0000000298		-0.0000007451		0.0000059605		0.0000476837		0.0003814697				64		2		0.0000002384		0.0000001192		-0.0000027418		0.0000054836		0.0001754761		0.0003509521				64		0		0.0000002384		0		0		0		0		0

				64		256		8		0.0000001192		0.0000000149		-0.0000003874		0.0000030994		0.0000247955		0.0001983643				64		2		0.0000001192		0.0000000596		-0.0000014305		0.000002861		0.0000915527		0.0001831055				64		0		0.0000001192		0		0		0		0		0

				64		256		8		0.0000000596		0.0000000075		-0.0000002012		0.0000016093		0.0000128746		0.0001029968				64		2		0.0000000596		0.0000000298		-0.0000007451		0.0000014901		0.0000476837		0.0000953674				64		0		0.0000000596		0		0		0		0		0

				64		256		8		0.0000000298		0.0000000037		-0.0000001043		0.0000008345		0.0000066757		0.0000534058				64		2		0.0000000298		0.0000000149		-0.0000003874		0.0000007749		0.0000247955		0.0000495911				64		0		0.0000000298		0		0		0		0		0

				64		256		8		0.0000000149		0.0000000019		-0.000000054		0.0000004321		0.0000034571		0.0000276566				64		2		0.0000000149		0.0000000075		-0.0000002012		0.0000004023		0.0000128746		0.0000257492				64		0		0.0000000149		0		0		0		0		0

				64		256		8		0.0000000075		0.0000000009		-0.0000000279		0.0000002235		0.0000017881		0.0000143051				64		2		0.0000000075		0.0000000037		-0.0000001043		0.0000002086		0.0000066757		0.0000133514				64		0		0.0000000075		0		0		0		0		0

				64		256		8		0.0000000037		0.0000000005		-0.0000000144		0.0000001155		0.0000009239		0.000007391				64		2		0.0000000037		0.0000000019		-0.000000054		0.000000108		0.0000034571		0.0000069141				64		0		0.0000000037		0		0		0		0		0

				64		256		8		0.0000000019		0.0000000002		-0.0000000075		0.0000000596		0.0000004768		0.0000038147				64		2		0.0000000019		0.0000000009		-0.0000000279		0.0000000559		0.0000017881		0.0000035763				64		0		0.0000000019		0		0		0		0		0

				64		256		8		0.0000000009		0.0000000001		-0.0000000038		0.0000000307		0.0000002459		0.000001967				64		2		0.0000000009		0.0000000005		-0.0000000144		0.0000000289		0.0000009239		0.0000018477				64		0		0.0000000009		0		0		0		0		0

				64		256		8		0.0000000005		0.0000000001		-0.000000002		0.0000000158		0.0000001267		0.0000010133				64		2		0.0000000005		0.0000000002		-0.0000000075		0.0000000149		0.0000004768		0.0000009537				64		0		0.0000000005		0		0		0		0		0

				64		256		8		0.0000000005		0.0000000001		-0.000000002		0.0000000158		0.0000001267		0.0000010133				64		2		0.0000000005		0.0000000002		-0.0000000075		0.0000000149		0.0000004768		0.0000009537				64		0		0.0000000005		0		0		0		0		0

								256		1								H(x)		319.9999999404						64		1								V(G)		191.9999999404						64		1								V(G)		384

																																				VMR		0.600																VMR		1.200

																																				ILR		0.400																ILR		0.000

																																				DSU		0.047																DSU		0.094





		

		H(X)		X		Y		value range		p(x)		sum_Y		sum_X		H(x)		SUM p(x)

		equal probability		64		256		256		0.00390625		-8		-512		512		1		0.652173913		0.347826087

																				X		Y		# y-pixels		LOG

		unequal probability i = [0-31]		64		256		32		0.0078125		-1.75		-112		112		0.25		64		64		64		box p(x)		p(x)		p log p

		[32-63]		64		256		32		0.0078125		-1.75		-112		112		0.25		64		64		32		0.5		0.015625

		[64-127]		64		256		64		0.00390625		-2		-128		128		0.25		64		64		16		0.25		0.015625

		[128-255]		64		256		128		0.001953125		-2.25		-144		144		0.25		64		64		8		0.125		0.015625

								256								496		1		64		64		4		0.0625		0.015625

																				64		64		2		0.03125		0.015625

		equal probability		64		128		128		0.0078125		-7		-448		448		1		64		64		1		0.015625		0.015625

																				64		64		1		0.015625		0.015625

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)								64		1

		equal probability		64		64		64		0.015625		-6		-384		384		1

																				X		Y		# y-pixels		LOG

		unequal probability i = [0-7]		64		64		8		0.03125		-1.25		-80		80		0.25		64		64		64		box p(x)		p(x)		p log p		sum_Y		sum_X		map		p(x)		p log p		sum_Y		sum_X

		[8-15]		64		64		8		0.03125		-1.25		-80		80		0.25		64		64		8		0.5		0.0625		-0.25		2		128		31		0.0161290323		-0.0960354244		2.9770981552		190.5342819324

		[16-31]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		8		0.25		0.03125		-0.15625		1.25		80		16		0.015625		-0.09375		1.5		96

		[32-63]		64		64		32		0.0078125		-1.75		-112		112		0.25		64		64		8		0.125		0.015625		-0.09375		0.75		48		8		0.015625		-0.09375		0.75		48

								64						average		368				64		64		8		0.0625		0.0078125		-0.0546875		0.4375		28		4		0.015625		-0.09375		0.375		24

																				64		64		8		0.03125		0.00390625		-0.03125		0.25		16		2		0.015625		-0.09375		0.1875		12

		unequal probability i = [0-31]		64		64		32		0.0078125		-1.75		-112		112		0.25		64		64		8		0.015625		0.001953125		-0.017578125		0.140625		9		1		0.015625		-0.09375		0.09375		6

		[32-47]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		8		0.0078125		0.0009765625		-0.009765625		0.078125		5		1		0.0078125		-0.0546875		0.0546875		3.5

																				64		64		8		0.0078125		0.0009765625		-0.009765625		0.078125		5		1		0.0078125		-0.0546875		0.0546875		3.5

		[48-55]		64		64		8		0.03125		-1.25		-80		80		0.25						64		1						4.984375		319		64								383.5342819324

		[56-63]		64		64		8		0.03125		-1.25		-80		80		0.25														div H(X)

								64						average		368				X		Y		# y-pixels		LOG												new		new		new		new

																				64		64		64		box p(x)		p(x)		p log p		sum_Y		sum_X		map		p(x)		p log p		sum_Y		sum_X

		unequal probability i = [0-31]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		16		0.5		0.03125		-0.15625		2.5		160		32		0.015625		-0.09375		3		192

		[32-47]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		16		0.25		0.015625		-0.09375		1.5		96		16		0.015625		-0.09375		1.5		96

		[48-55]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		16		0.125		0.0078125		-0.0546875		0.875		56		8		0.015625		-0.09375		0.75		48

		[56-63]		64		64		16		0.015625		-1.5		-96		96		0.25		64		64		16		0.125		0.0078125		-0.0546875		0.875		56		8		0.015625		-0.09375		0.75		48

								64						average		384								64		1						5.75		368		64		0.0625						384

		linear mapping V(G)																		X		Y		# y-pixels		LOG

		unequal probability [0-63]		64		64		8		0.125		-3		-192		192				64		64		64		box p(x)		p(x)		p log p		sum_Y		sum_X		map		p(x)		p log p		sum_Y		sum_X

				64		64		8		0.125		-3		-192		192		1		64		64		4		0.5		0.125		-0.375		1.5		96		32		0.015625		-0.09375		3		192

				64		64		16		0.0625		-4		-256		256		2		64		64		4		0.25		0.0625		-0.25		1		64		16		0.015625		-0.09375		1.5		96

				64		64		32		0.03125		-5		-320		320		3		64		64		4		0.125		0.03125		-0.15625		0.625		40		8		0.015625		-0.09375		0.75		48

																		4		64		64		4		0.0625		0.015625		-0.09375		0.375		24		4		0.015625		-0.09375		0.375		24

																		5		64		64		4		0.03125		0.0078125		-0.0546875		0.21875		14		2		0.015625		-0.09375		0.1875		12

																		6		64		64		4		0.015625		0.00390625		-0.03125		0.125		8		1		0.015625		-0.09375		0.09375		6

																		7		64		64		4		0.0078125		0.001953125		-0.017578125		0.0703125		4.5		1		0.0078125		-0.0546875		0.0546875		3.5

																		8		64		64		4		0.00390625		0.0009765625		-0.009765625		0.0390625		2.5		0		0		0		0		0

																		9		64		64		4		0.001953125		0.0004882813		-0.0053710938		0.021484375		1.375		0		0		0		0		0

																		10		64		64		4		0.0009765625		0.0002441406		-0.0029296875		0.01171875		0.75		0		0		0		0		0

																		11		64		64		4		0.0004882813		0.0001220703		-0.0015869141		0.0063476563		0.40625		0		0		0		0		0

								64						average		240		12		64		64		4		0.0002441406		0.0000610352		-0.0008544922		0.0034179688		0.21875		0		0		0		0		0

																		13		64		64		4		0.0001220703		0.0000305176		-0.0004577637		0.0018310547		0.1171875		0		0		0		0		0

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768		14		64		64		4		0.0000610352		0.0000152588		-0.0002441406		0.0009765625		0.0625		0		0		0		0		0

		64		64		16		16		0.125		-6		-384		384		15		64		64		4		0.0000305176		0.0000076294		-0.0001296997		0.0005187988		0.033203125		0		0		0		0		0

		128		64		16		8		0.0625		-2		-128		128		16		64		64		4		0.0000305176		0.0000076294		-0.0001296997		0.0005187988		0.033203125		0		0		0		0		0

		192		64		16		8		0.03125		-1.25		-80		80								64		1						3.9999389648		255.99609375		64								381.5

														average		340

				uniform		non-uniform														X		Y		# y-pixels		LOG

		D		4096		4096		4096												64		64		64		box p(x)		p(x)		p log p		sum_Y		sum_X

		H(X)		512		496		496										1		64		64		2		0.5		0.25		-0.5		1		64

		V(G)		384		368		384										2		64		64		2		0.25		0.125		-0.375		0.75		48

		VMR		0.75		0.7419354839		0.7741935484										3		64		64		2		0.125		0.0625		-0.25		0.5		32

																		4		64		64		2		0.0625		0.03125		-0.15625		0.3125		20

																		5		64		64		2		0.03125		0.015625		-0.09375		0.1875		12

																		6		64		64		2		0.015625		0.0078125		-0.0546875		0.109375		7

																		7		64		64		2		0.0078125		0.00390625		-0.03125		0.0625		4

																		8		64		64		2		0.00390625		0.001953125		-0.017578125		0.03515625		2.25

																		9		64		64		2		0.001953125		0.0009765625		-0.009765625		0.01953125		1.25

																		10		64		64		2		0.0009765625		0.0004882813		-0.0053710938		0.0107421875		0.6875

																		11		64		64		2		0.0004882813		0.0002441406		-0.0029296875		0.005859375		0.375

																		12		64		64		2		0.0002441406		0.0001220703		-0.0015869141		0.0031738281		0.203125

																		13		64		64		2		0.0001220703		0.0000610352		-0.0008544922		0.0017089844		0.109375

																		14		64		64		2		0.0000610352		0.0000305176		-0.0004577637		0.0009155273		0.05859375

																		15		64		64		2		0.0000305176		0.0000152588		-0.0002441406		0.0004882813		0.03125

																		16		64		64		2		0.0000152588		0.0000076294		-0.0001296997		0.0002593994		0.0166015625

																		17		64		64		2		0.0000076294		0.0000038147		-0.0000686646		0.0001373291		0.0087890625

																		18		64		64		2		0.0000038147		0.0000019073		-0.0000362396		0.0000724792		0.0046386719

																		19		64		64		2		0.0000019073		0.0000009537		-0.0000190735		0.000038147		0.0024414063

		ILR		0.25		0.2580645161		0.2258064516										20		64		64		2		0.0000009537		0.0000004768		-0.0000100136		0.0000200272		0.0012817383

		DSE		0.09375		0.08984375		0.09375										21		64		64		2		0.0000004768		0.0000002384		-0.0000052452		0.0000104904		0.0006713867

																		22		64		64		2		0.0000002384		0.0000001192		-0.0000027418		0.0000054836		0.0003509521

																		23		64		64		2		0.0000001192		0.0000000596		-0.0000014305		0.000002861		0.0001831055

																		24		64		64		2		0.0000000596		0.0000000298		-0.0000007451		0.0000014901		0.0000953674

																		25		64		64		2		0.0000000298		0.0000000149		-0.0000003874		0.0000007749		0.0000495911

				4														26		64		64		2		0.0000000149		0.0000000075		-0.0000002012		0.0000004023		0.0000257492

				1.4142135624														27		64		64		2		0.0000000075		0.0000000037		-0.0000001043		0.0000002086		0.0000133514

		1		0				1		256								28		64		64		2		0.0000000037		0.0000000019		-0.000000054		0.000000108		0.0000069141

		2		8				0		32								29		64		64		2		0.0000000019		0.0000000009		-0.0000000279		0.0000000559		0.0000035763

		3		12.6797000058														30		64		64		2		0.0000000009		0.0000000005		-0.0000000144		0.0000000289		0.0000018477

		4		16														31		64		64		2		0.0000000005		0.0000000002		-0.0000000075		0.0000000149		0.0000009537

		5		18.5754247591														32		64		64		2		0.0000000005		0.0000000002		-0.0000000075		0.0000000149		0.0000009537

		6		20.6797000058																				64		1						2.9999999991		191.9999999404

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





								LOG				SUM														LOG				SUM

				hint		no hint								H(X)								hint		no hint								H(X)

		P(X)		30.00%		70.00%		-1.7369655942		-0.5145731728		100.00%		0.8812908992						P(X)		50.00%		50.00%		-1		-1		100.00%		1

				vortex		no vortex								H(Y)								vortex		no vortex								H(Y)

		P(Y)		50.00%		50.00%		-1		-1		100.00%		1						P(Y)		50.00%		50.00%		-1		-1		100.00%		1

		P(X, Y)		hint		no hint								H(X,Y)						P(X, Y)		hint		no hint								H(X,Y)

		vortex		25.00%		25.00%		-2		-2		100.00%		1.7344977968						vortex		49.99%		0.01%		-1.0002885679		-13.2877123795		100.00%		1.0027460526

		no vortex		5.00%		45.00%		-4.3219280949		-1.1520030934										no vortex		0.01%		49.99%		-13.2877123795		-1.0002885679

														H(Y|X)																		H(Y|X)

		P(Y|X)		83.33%		35.71%						200.00%		0.8532068976		%=H(X,Y)-H(X)				P(Y|X)		99.98%		0.02%						200.00%		0.0027460526		%=H(X,Y)-H(X)

				16.67%		64.29%																0.02%		99.98%

														H(X|Y)		%=H(X,Y)-H(Y)																H(X|Y)		%=H(X,Y)-H(Y)

		P(X|Y)		50.00%		50.00%						200.00%		0.7344977968						P(X|Y)		99.98%		0.02%						200.00%		0.0027460526

				10.00%		90.00%																0.02%		99.98%

														I(X,Y)																		I(X,Y)

														0.1467931024		%=H(X)-H(X|Y)																0.9972539474		%=H(X)-H(X|Y)

														0.1467931024		%=H(Y)-H(Y|X)																0.9972539474		%=H(Y)-H(Y|X)

								LOG				SUM														LOG				SUM

				hint		no hint								H(X)								hint		no hint								H(X)

		P(X)		50.00%		50.00%		-1		-1		100.00%		1						P(X)		50.00%		50.00%		-1		-1		100.00%		1

				vortex		no vortex								H(Y)								vortex		no vortex								H(Y)

		P(Y)		50.00%		50.00%		-1		-1		100.00%		1						P(Y)		50.00%		50.00%		-1		-1		100.00%		1

		P(X, Y)		hint		no hint								H(X,Y)						P(X, Y)		hint		no hint								H(X,Y)

		vortex		40.00%		10.00%		-1.3219280949		-3.3219280949		100.00%		1.7219280949						vortex		25.00%		25.00%		-2		-2		100.00%		2

		no vortex		10.00%		40.00%		-3.3219280949		-1.3219280949										no vortex		25.00%		25.00%		-2		-2

														H(Y|X)																		H(Y|X)

		P(Y|X)		80.00%		20.00%						200.00%		0.7219280949		%=H(X,Y)-H(X)				P(Y|X)		50.00%		50.00%						200.00%		1		%=H(X,Y)-H(X)

				20.00%		80.00%																50.00%		50.00%

														H(X|Y)		%=H(X,Y)-H(Y)																H(X|Y)		%=H(X,Y)-H(Y)

		P(X|Y)		80.00%		20.00%						200.00%		0.7219280949						P(X|Y)		50.00%		50.00%						200.00%		1

				20.00%		80.00%																50.00%		50.00%

														I(X,Y)																		I(X,Y)

														0.2780719051		%=H(X)-H(X|Y)																0		%=H(X)-H(X|Y)

														0.2780719051		%=H(Y)-H(Y|X)																0		%=H(Y)-H(Y|X)





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		3		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		-7		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		-8		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		7		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-16		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		6		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		9		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		7		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		17		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		18		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		-9		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		-18		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		5		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		-3		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		-2		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		3		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-16		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-21		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		20		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		1		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-17		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		-5		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		-3		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		12		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		-9		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		-16		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		1		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		17		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-10		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		16		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		13		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		20		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		-8		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		-12		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		20		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-14		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		11		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		20		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		-12		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		9		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		-6		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		-16		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		4		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		14		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		17		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-4		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-17		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		15		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		10		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		-7		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		-20		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		21		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		7		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		-7		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		-2		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		12		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		10		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		4		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		-6		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		8		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		17		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		13		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		20		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-19		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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time series

										1		32		2.000																																Fig. 1(a)

		time		value		rand		RAND()		start		range		Log

		0

		1		6		0.18		0.05		0		32		81.0

		2		16		0.52		0.77		0		32		129.4

		3		29		0.91		0.74		0		32		155.7

		4		12		0.36		0.72		0		32		112.9

		5		19		0.59		0.82		0		32		135.6

		6		31		0.95		0.52		0		32		157.8

		7		5		0.17		0.98		0		32		77.2

		8		3		0.09		0.30		0		32		50.9

		9		2		0.05		0.51		0		32		21.9

		10		16		0.50		0.07		0		32		128.4

		11		30		0.93		0.20		0		32		156.5

		12		18		0.55		0.98		0		32		132.2

		13		17		0.52		0.42		0		32		129.5

		14		14		0.44		0.25		0		32		121.7

		15		25		0.80		0.32		0		32		149.5

		16		19		0.58		0.15		0		32		134.8

		17		35		0.09		0.37		32		32		163.8

		18		42		0.31		0.15		32		32		172.5

		19		52		0.61		0.02		32		32		182.0

		20		40		0.25		0.36		32		32		170.2

		21		51		0.58		0.06		32		32		181.2

		22		61		0.92		0.40		32		32		190.0

		23		54		0.68		0.97		32		32		183.9

		24		44		0.36		0.04		32		32		174.3

		25		61		0.90		0.42		32		32		189.5

		26		34		0.06		0.00		32		32		162.8

		27		53		0.65		0.92		32		32		183.1

		28		55		0.73		0.14		32		32		185.4

		29		49		0.52		0.21		32		32		179.3

		30		60		0.87		0.70		32		32		189.0

		31		32		0.01		0.71		32		32		160.4

		32		60		0.86		0.15		32		32		188.7

		33		114		0.78		0.45		64		64		218.5

		34		73		0.15		0.09		64		64		198.4

		35		70		0.10		0.00		64		64		196.5

		36		101		0.59		0.26		64		64		213.3

		37		94		0.47		0.76		64		64		209.7

		38		89		0.39		0.36		64		64		207.1

		39		128		0.99		0.53		64		64		223.9

		40		93		0.46		0.11		64		64		209.5

		41		121		0.88		0.71		64		64		221.2

		42		69		0.08		0.47		64		64		195.5

		43		95		0.49		0.63		64		64		210.3

		44		91		0.42		0.49		64		64		208.2

		45		108		0.68		0.70		64		64		216.1

		46		126		0.97		0.65		64		64		223.2		This is a log_2 chart, except that the Y-axis labelling is not quite correct

		47		89		0.38		0.36		64		64		207.0

		48		84		0.32		0.56		64		64		204.7

		49		137		0.07		0.32		128		128		227.1

		50		252		0.97		0.95		128		128		255.2

		51		197		0.54		0.51		128		128		243.9

		52		186		0.45		0.60		128		128		241.3

		53		179		0.40		0.21		128		128		239.4

		54		190		0.48		0.87		128		128		242.1

		55		234		0.83		0.73		128		128		251.9

		56		180		0.41		0.95		128		128		239.8

		57		243		0.90		0.24		128		128		253.6

		58		218		0.70		0.68		128		128		248.6

		59		193		0.51		0.29		128		128		243.0

		60		242		0.89		0.44		128		128		253.4

		61		181		0.42		0.83		128		128		240.1

		62		241		0.88		0.31		128		128		253.1

		63		212		0.65		0.87		128		128		247.2

		64		146		0.14		0.44		128		128		230.1				256		8
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time series (long)
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				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		256		256		0.00390625		-8		-512		512

		unequal probability [0-63]		64		64		32		0.03125		-5		-320		320

		64		64		64		32		0.03125		-5		-320		320

		128		64		64		64		0.015625		-6		-384		384

		192		64		64		128		0.0078125		-7		-448		448

														average		368

				X		Y		value range		p(x)		sum_Y		sum_X		H(x)

		equal probability		64		64		64		0.015625		-6		-384		384

		unequal probability [0-63]		64		16		8		0.125		-3		-192		192

		64		64		16		8		0.125		-3		-192		192

		128		64		16		16		0.0625		-4		-256		256

		192		64		16		32		0.03125		-5		-320		320

														average		240

		unequal probability [0-63]		64		16		32		0.125		-12		-768		768

		64		64		16		16		0.125		-6		-384		384

		128		64		16		8		0.0625		-2		-128		128

		192		64		16		8		0.03125		-1.25		-80		80

														average		340

		D		4096		4096		4096

		H(X)		512		512		512

		V(G)		384		240		340

		VMR		0.75		0.46875		0.6640625

		ILR		0.25		0.53125		0.3359375

		DSE		0.09375		0.05859375		0.0830078125

				4

				1.4142135624

		1		0				1		256

		2		8				0		32

		3		12.6797000058

		4		16

		5		18.5754247591

		6		20.6797000058

		7		22.4588393765

		8		24

		9		25.3594000115

		10		26.5754247591

		11		27.6754529491

		12		28.6797000058

		13		29.6035177451

		14		30.4588393765

		15		31.2551247649

		16		32

		17		32.69970273

		18		33.3594000115

		19		33.9834201075

		20		34.5754247591

		21		35.1385393822

		22		35.6754529491

		23		36.1884956485

		24		36.6797000058

		25		37.1508495182

		26		37.6035177451

		27		38.0391000173

		28		38.4588393765

		29		38.863847961

		30		39.2551247649

		31		39.6335704831

		32		40		32

		33		40.3551529549

		34		40.69970273

		35		41.0342641356

		36		41.3594000115

		37		41.675626925

		38		41.9834201075

		39		42.2832177509

		40		42.5754247591

		41		42.8604160369

		42		43.1385393822

		43		43.4101180376

		44		43.6754529491

		45		43.9348247706

		46		44.1884956485

		47		44.4367108134

		48		44.6797000058

		49		44.9176787529

		50		45.1508495182

		51		45.3794027358

		52		45.6035177451

		53		45.8233636365

		54		46.0391000173

		55		46.2508777082

		56		46.4588393765

		57		46.6631201133

		58		46.863847961

		59		47.0611443949

		60		47.2551247649

		61		47.4458987005

		62		47.6335704831

		63		47.818239388

		64		48		48

		65		48.1789425042

		66		48.3551529549

		67		48.5287135237

		68		48.69970273

		69		48.8681956542

		70		49.0342641356

		71		49.197976956

		72		49.3594000115

		73		49.518596471

		74		49.675626925

		75		49.830549524

		76		49.9834201075

		77		50.1342923256

		78		50.2832177509

		79		50.4302459854

		80		50.5754247591

		81		50.7188000231

		82		50.8604160369

		83		51.0003154508

		84		51.1385393822

		85		51.2751274891

		86		51.4101180376

		87		51.5435479668

		88		51.6754529491

		89		51.8058674477

		90		51.9348247706

		91		52.0623571216

		92		52.1884956485

		93		52.3132704889

		94		52.4367108134

		95		52.5588448666

		96		52.6797000058

		97		52.7993027375

		98		52.9176787529

		99		53.0348529606

		100		53.1508495182

		101		53.265691862

		102		53.3794027358

		103		53.4920042175

		104		53.6035177451

		105		53.7139641413

		106		53.8233636365

		107		53.9317358912

		108		54.0391000173

		109		54.1454745982

		110		54.2508777082

		111		54.3553269308

		112		54.4588393765

		113		54.5614316993

		114		54.6631201133

		115		54.7639204076

		116		54.863847961

		117		54.9629177567

		118		55.0611443949

		119		55.1585421065

		120		55.2551247649

		121		55.3509058982

		122		55.4458987005

		123		55.5401160427

		124		55.6335704831

		125		55.7262742773

		126		55.818239388

		127		55.9094774942

		128		56		56

		129		56.0898180434

		130		56.1789425042

		131		56.2673840123

		132		56.3551529549

		133		56.442259484

		134		56.5287135237

		135		56.6145247764

		136		56.69970273

		137		56.7842566637

		138		56.8681956542

		139		56.9515285818

		140		57.0342641356

		141		57.1164108192

		142		57.197976956

		143		57.2789706942

		144		57.3594000115

		145		57.4392727201

		146		57.518596471

		147		57.5973787587

		148		57.675626925

		149		57.7533481637

		150		57.830549524

		151		57.9072379146

		152		57.9834201075

		153		58.0591027415

		154		58.1342923256

		155		58.2089952422

		156		58.2832177509

		157		58.3569659911

		158		58.4302459854

		159		58.5030636423

		160		58.5754247591

		161		58.6473350249

		162		58.7188000231

		163		58.7898252338

		164		58.8604160369

		165		58.930577714

		166		59.0003154508

		167		59.0696343398

		168		59.1385393822

		169		59.2070354903

		170		59.2751274891

		171		59.3428201191

		172		59.4101180376

		173		59.4770258211

		174		59.5435479668

		175		59.6096888947

		176		59.6754529491

		177		59.7408444007

		178		59.8058674477

		179		59.8705262181

		180		59.9348247706

		181		59.9987670967

		182		60.0623571216

		183		60.1255987063

		184		60.1884956485

		185		60.2510516841

		186		60.3132704889

		187		60.3751556791

		188		60.4367108134

		189		60.4979393938

		190		60.5588448666

		191		60.6194306243

		192		60.6797000058

		193		60.7396562981

		194		60.7993027375

		195		60.85864251

		196		60.9176787529

		197		60.9764145557

		198		61.0348529606

		199		61.0929969643

		200		61.1508495182

		201		61.2084135294

		202		61.265691862

		203		61.3226873375

		204		61.3794027358

		205		61.435840796

		206		61.4920042175

		207		61.54789566

		208		61.6035177451

		209		61.6588730566

		210		61.7139641413

		211		61.7687935097

		212		61.8233636365

		213		61.8776769618

		214		61.9317358912

		215		61.9855427967

		216		62.0391000173

		217		62.0924098596

		218		62.1454745982

		219		62.1982964768

		220		62.2508777082

		221		62.3032204751

		222		62.3553269308

		223		62.4071991994

		224		62.4588393765

		225		62.5102495297

		226		62.5614316993

		227		62.6123878983

		228		62.6631201133

		229		62.7136303048

		230		62.7639204076

		231		62.8139923313

		232		62.863847961

		233		62.9134891572

		234		62.9629177567

		235		63.0121355725

		236		63.0611443949

		237		63.1099459912

		238		63.1585421065

		239		63.2069344638

		240		63.2551247649

		241		63.3031146898

		242		63.3509058982

		243		63.3985000288

		244		63.4458987005

		245		63.493103512

		246		63.5401160427

		247		63.5869378527

		248		63.6335704831

		249		63.6800154565

		250		63.7262742773

		251		63.7723484316

		252		63.818239388

		253		63.8639485976

		254		63.9094774942

		255		63.9548274949

		256		64		64





		





		





						1.09		42		42																						8		7		6		5		4		3		2		1

		time		value		ref-value		noise		noise

		0												8		7		6		5		4		3		2		1

		1		64		64		-14		13		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		2		43		26		17		-8		43		0		0		1		2		5		10		21		43				0		0		X		0		X		0		X		X

		3		44		30		15		-5		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		4		22		33		-11		11		22		0		0		0		1		2		5		11		22				0		0		0		X		0		X		X		0

		5		57		36		21		-18		57		0		0		1		3		7		14		28		57				0		0		X		X		X		0		0		X

		6		49		39		9		-12		49		0		0		1		3		6		12		24		49				0		0		X		X		0		0		0		X

		7		37		42		-5		3		37		0		0		1		2		4		9		18		37				0		0		X		0		0		X		0		X

		8		64		46		18		3		64		0		1		2		4		8		16		32		64				0		X		0		0		0		0		0		0

		9		66		49		18		6		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		10		44		52		-8		-12		44		0		0		1		2		5		11		22		44				0		0		X		0		X		X		0		0

		11		46		55		-9		7		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		12		46		58		-13		-17		46		0		0		1		2		5		11		23		46				0		0		X		0		X		X		X		0

		13		45		62		-17		-10		45		0		0		1		2		5		11		22		45				0		0		X		0		X		X		0		X

		14		59		65		-6		-17		59		0		0		1		3		7		14		29		59				0		0		X		X		X		0		X		X

		15		65		68		-3		14		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		16		82		71		11		-10		82		0		1		2		5		10		20		41		82				0		X		0		X		0		0		X		0

		17		86		74		12		-1		86		0		1		2		5		10		21		43		86				0		X		0		X		0		X		X		0

		18		65		78		-13		-4		65		0		1		2		4		8		16		32		65				0		X		0		0		0		0		0		X

		19		76		81		-5		-12		76		0		1		2		4		9		19		38		76				0		X		0		0		X		X		0		0

		20		85		84		1		-10		85		0		1		2		5		10		21		42		85				0		X		0		X		0		X		0		X

		21		66		87		-21		-11		66		0		1		2		4		8		16		33		66				0		X		0		0		0		0		X		0

		22		103		90		13		9		103		0		1		3		6		12		25		51		103				0		X		X		0		0		X		X		X

		23		100		94		7		16		100		0		1		3		6		12		25		50		100				0		X		X		0		0		X		0		0

		24		104		97		7		20		104		0		1		3		6		13		26		52		104				0		X		X		0		X		0		0		0

		25		94		100		-6		10		94		0		1		2		5		11		23		47		94				0		X		0		X		X		X		X		0

		26		89		103		-14		-12		89		0		1		2		5		11		22		44		89				0		X		0		X		X		0		0		X

		27		106		106		-1		-5		106		0		1		3		6		13		26		53		106				0		X		X		0		X		0		X		0

		28		120		110		11		-17		120		0		1		3		7		15		30		60		120				0		X		X		X		X		0		0		0

		29		118		113		6		-17		118		0		1		3		7		14		29		59		118				0		X		X		X		0		X		X		0

		30		117		116		1		9		117		0		1		3		7		14		29		58		117				0		X		X		X		0		X		0		X

		31		114		119		-5		-20		114		0		1		3		7		14		28		57		114				0		X		X		X		0		0		X		0

		32		132		122		10		1		132		1		2		4		8		16		33		66		132				X		0		0		0		0		X		0		0

		33		124		126		-1		20		124		0		1		3		7		15		31		62		124				0		X		X		X		X		X		0		0

		34		128		129		-1		7		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		35		143		132		11		-8		143		1		2		4		8		17		35		71		143				X		0		0		0		X		X		X		X

		36		139		135		4		-1		139		1		2		4		8		17		34		69		139				X		0		0		0		X		0		X		X

		37		128		138		-10		-3		128		1		2		4		8		16		32		64		128				X		0		0		0		0		0		0		0

		38		151		142		9		-18		151		1		2		4		9		18		37		75		151				X		0		0		X		0		X		X		X

		39		135		145		-10		17		135		1		2		4		8		16		33		67		135				X		0		0		0		0		X		X		X

		40		163		148		15		1		163		1		2		5		10		20		40		81		163				X		0		X		0		0		0		X		X

		41		157		151		6		-9		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		42		157		154		2		11		157		1		2		4		9		19		39		78		157				X		0		0		X		X		X		0		X

		43		161		158		3		11		161		1		2		5		10		20		40		80		161				X		0		X		0		0		0		0		X

		44		168		161		7		1		168		1		2		5		10		21		42		84		168				X		0		X		0		X		0		0		0

		45		177		164		13		-6		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		46		177		167		9		-12		177		1		2		5		11		22		44		88		177				X		0		X		X		0		0		0		X

		47		173		170		2		-19		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		48		172		174		-1		-18		172		1		2		5		10		21		43		86		172				X		0		X		0		X		X		0		0

		49		186		177		9		8		186		1		2		5		11		23		46		93		186				X		0		X		X		X		0		X		0

		50		184		180		4		-15		184		1		2		5		11		23		46		92		184				X		0		X		X		X		0		0		0

		51		173		183		-10		16		173		1		2		5		10		21		43		86		173				X		0		X		0		X		X		0		X

		52		180		186		-6		13		180		1		2		5		11		22		45		90		180				X		0		X		X		0		X		0		0

		53		195		190		6		-18		195		1		3		6		12		24		48		97		195				X		X		0		0		0		0		X		X

		54		192		193		-1		-12		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		55		178		196		-18		-2		178		1		2		5		11		22		44		89		178				X		0		X		X		0		0		X		0

		56		219		199		19		-10		219		1		3		6		13		27		54		109		219				X		X		0		X		X		0		X		X

		57		216		202		13		7		216		1		3		6		13		27		54		108		216				X		X		0		X		X		0		0		0

		58		224		206		18		9		224		1		3		7		14		28		56		112		224				X		X		X		0		0		0		0		0

		59		192		209		-16		4		192		1		3		6		12		24		48		96		192				X		X		0		0		0		0		0		0

		60		228		212		16		17		228		1		3		7		14		28		57		114		228				X		X		X		0		0		X		0		0

		61		222		215		7		-16		222		1		3		6		13		27		55		111		222				X		X		0		X		X		X		X		0

		62		205		218		-13		-18		205		1		3		6		12		25		51		102		205				X		X		0		0		X		X		0		X

		63		230		222		8		16		230		1		3		7		14		28		57		115		230				X		X		X		0		0		X		X		0

		64		229		225		4		-10		229		1		3		7		14		28		57		114		229				X		X		X		0		0		X		0		X
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• Display capacity D is limited.
• Data space: noticeable non-uniform distribution: H(X) << Hmax(X)
• Visualization capacity V(G) : a visual representation exhibiting a similar 

non-uniform distribution of space requirement can reduce information loss.
• Can adjacency matrices be improved for trees? 

A PREDICTION?

http://en.wikipedia.org/wiki/Treemappinghttp://hci.stanford.edu/jheer/files/zoo/



1. Data Intelligence  a big picture
2. Visualization  a small picture
3. Measurement, Explanation, and Prediction
4. Example: Visual Multiplexing
5. Example: Error Detection and Correction
6. Example: Process Optimization
7. Summary

OUTLINE



MAP OVERLAY AND ITS
GENERALIZATION IN
VISUALIZATION

http://learnpracticalgis.com/how-to-overlay-maps/



• Frequency-division multiplexing (FDM)?
• Time-division multiplexing (TDM)?
• Space-division multiplexing (SDM)?
• Code-division multiplexing (CDM)?

VISUAL MULTIPLEXING

vis-encoder vis-decodervis-link (consisting of many vis-channels)

information about at pat p c1

c4c3 c2

ck ck
c2

c3

spatial domain D

temporal domain T

other signals and noise

MUX DEMUX

Location p can be associated with X
in the source data or determined by
a spatial mapping.

X can be a data record or a set of partially 
encoded visual attributes.

Perceived information may include 
estimated values and relationships

with data conveyed by other signals.

p

M. Chen, S. Walton, K. Berger, J. Thiyagalingam, B. Duffy,
H. Fang, C. Holloway, and A. E. Trefethen,

Visual multiplexing, Computer Graphics Forum, 2014.



10 TYPES OF VISUAL MULTIPLEXING



TYPE C: INTRODUCE PARTIAL OCCLUSION



TYPE G: DEPICT A CONTINUOUS FIELD

60

70

50



TYPE H: SHIFT A VISUAL CHANNEL

text label



HOW ABOUT WHEN EVERY PIXEL IS USED?

Data
Space

Visualization
Space 

Display
Space 

H

Data Space Entropy

V(G)
Visualization Capacity
(Visualization Space 

Entropy)

D

Display Space 
Capacity

V(G)

D
<<  1



• C: Introduce Partial Occlusion

• E: Introduce Translucent Occlusion

• G: Depict a Continuous Field

• J: Assume A Priori Knowledge 

SYSTEMATIC 
APPLICATION

R. P. Botchen, S. Bachthaler, F. Schick, M. Chen, G. Mori, D. 
Weiskopf and T. Ertl, Action-based multi-field video visualization,
IEEE Transactions on Visualization and Computer Graphics, 2008.
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1.Disseminative Level O(1)
This is “a”!
2.Observational Level O(n)
“a”, “b”, “c”, ... what, when, where?
3.Analytical Level O(nk)
Are “a”, “b”, “c” related? Why?
4.Model-developmental Level O(kn), O(n!)
How does “a” lead to “b”?

FOUR LEVELS OF VISUALIZATION



A COMPOSITE
WORKFLOW



OBSERVATIONAL
VISUALIZATION

P. A. Legg, D. H. S. Chung, M. L. Parry, M. 
W. Jones, R. Long, I. W. Griffiths and M. 
Chen, MatchPad: Interactive Glyph-Based 
Visualization for Real-Time Sports 
Performance Analysis, Computer Graphics 
Forum, 2012



OBSERVATIONAL 
VISUALIZATION
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